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Objectives: Devastating consequences of COVID-19 disease enhanced the 
role of promoting prevention-focused practices. Among targeted efforts, diet 
is regarded as one of the potential factors which can affect immune function 
and optimal nutrition is postulated as the method of augmentation of people’s 
viral resistance. As epidemiological evidence is scarce, the present study aimed 
to explore the association between dietary intake of total polyphenols, lignans 
and plant sterols and the abundance of immunomodulatory gut microbiota such 
as Enterococcus spp. and Escherichia coli and the risk of developing COVID-19 
disease.

Methods: Demographic data, dietary habits, physical activity as well as the 
composition of body and gut microbiota were analyzed in a sample of 95 young 
healthy individuals. Dietary polyphenol, lignan and plant sterol intakes have 
been retrieved based on the amount of food consumed by the participants, the 
phytochemical content was assessed in laboratory analysis and using available 
databases.

Results: For all investigated polyphenols and phytosterols, except campesterol, 
every unit increase in the tertile of intake category was associated with a decrease 
in the odds of contracting COVID-19. The risk reduction ranged from several 
dozen percent to 70 %, depending on the individual plant-based chemical, 
and after controlling for basic covariates it was statistically significant for 
secoisolariciresinol (OR  =  0.28, 95% CI: 0.11–0.61), total phytosterols (OR  =  0.47, 
95% CI: 0.22–0.95) and for stigmasterols (OR  =  0.34, 95% CI: 0.14–0.72). We found 
an inverse association between increased β-sitosterol intake and phytosterols in 
total and the occurrence of Escherichia coli in stool samples outside reference 
values, with 72% (OR  =  0.28, 95% CI: 0.08–0.86) and 66% (OR  =  0.34, 95% CI: 
0.10–1.08) reduced odds of abnormal level of bacteria for the highest compared 
with the lowest tertile of phytochemical consumption. Additionally, there was a 
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trend of more frequent presence of Enterococcus spp. at relevant level in people 
with a higher intake of lariciresinol.

Conclusion: The beneficial effects of polyphenols and phytosterols should 
be  emphasized and these plant-based compounds should be  regarded in the 
context of their utility as antiviral agents preventing influenza-type infections.

KEYWORDS

polyphenols, lignans, plant-sterols, phytochemicals, SARS-CoV-2, gut microbiota, 
nutrition

1. Introduction

The coronavirus 2019 (COVID-19) pandemic, caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and 
contributing to high morbidity and mortality in the last 3 years all 
over the world was a global challenge. The lack of satisfactory 
treatment against COVID-19, including therapeutic regimens or 
vaccines, and the urgent need of fighting the dangerous pathogen 
forced people to reach for alternatives. Until now, there is a concern 
about remedies that can stop the spread of microorganisms. 
Modifiable risk factors such as a proper diet abundant in vitamins 
and minerals, as well as in other constituents strengthening the 
natural immune system may be of primary importance in preventing 
influenza-type illnesses and minimizing their symptoms. A good 
nutritional status of individuals is mandatory to defeat the viruses 
and even might be treated as a measure of resilience toward pathogens 
such as SARS-CoV-2 (1). Various dietary components may shape the 
immune responses in different ways, among others, by determining 
the gut microbial composition. Specifically, the antioxidant 
constituents and anti-inflammatory agents of diet such as polyphenols 
and phytosterols have been shown to possess antiviral and immune-
boosting properties. Notably, the evidence on health benefits of 
phytochemicals toward diseases underlined by oxidative stress and 
subclinical inflammation, including certain types of cancer (2, 3) and 
cardiovascular diseases (4, 5), has increased over the last few years. 
The research has demonstrated that dietary polyphenols can affect 
dendritic cells, increase the proliferation of B cells and T cells and 
might alter the phenotype of macrophages thus having an 
immunomodulatory effect (6). Phytosterols comprise many active 
compounds which determine their physiological functions, notably 
they have therapeutic potential against oxidative stress, gut dysbiosis, 
and inflammation (7). Plant-based diet rich in phytochemicals can 
help in lipid metabolism regulation counteracting virus entry into the 
cell and virus propagation (8). Therefore, there is growing evidence 
for recommending plant-based diets as an alternative effective and 
safe strategy which can prevent infections, although the research in a 
group of middle-aged, non-obese adults without comorbidities is 
limited. Moreover, SARS-CoV-2 as well as flu infections are easily 
disseminated in this group of subjects and also might pose a threat to 
them. While the elderly and those with underlying health conditions 
are at higher risk for severe complications from influenza-type and 
pneumonia-type diseases, young people can also experience 
dangerous health consequences as a result of these illnesses. The 
current burden of the disease highlighted the need for targeted efforts 
to decrease susceptibility to infectious illnesses, which in the 

European region during the 2022–2023 flu season were widespread 
and very severe. Although previous research explored how certain 
nutritional factors may affect COVID-19 infection via modulation of 
immune system (9, 10), to the best of our knowledge there is no study 
that investigated the potential of individual lignans and phytosterols 
in interacting with the immune system from the gastrointestinal 
tract, and in affecting viral infections, including SARS-CoV-2.
Therefore, on the example of COVID-19, we aimed to perform the 
study examining the association of dietary intake of polyphenols and 
plant sterols with the abundance of immunomodulatory gut 
microbiota such as Enterococcus spp. and Escherichia coli and with 
the risk of contraction of the disease among physically active, 
non-obese early adults and early middle aged subjects without 
comorbidities. A better understanding of the protective dietary 
factors may help disseminate the strategies to counteract a variety of 
forthcoming viral infections.

2. Materials and methods

2.1. Study design, participants, and data 
collection

The present study was conducted in Poland and was designed to 
examine nutritional habits, physical activity and gastrointestinal 
microbiota of healthy young adults. The recruitment process was 
established through posting advertisements on social media and was 
further amplified by promotion requests, allowing to transmit the 
questionnaire to someone else. Details of the study have been 
described previously (11). Briefly, enrollment and data collection 
commenced in 2020. For each sex the separate arm of the study with 
the same research design was organized. The dates of examinations 
were between July 2020 and December 2020 for men and between 
October and November 2020 for women. Respondents were instructed 
not to change their daily routine, including eating habits and physical 
exercise patterns. During 1-week follow-up, participants were tracking 
their physical activity, total energy expenditure (TEE) and sleep 
duration using a Polar M430 watch and were keeping dietary records. 
After this time, stool samples were collected for gut microbiome 
testing, and core elements of anthropometry and body composition 
were recorded as well as participants were asked to complete a socio-
demographic questionnaire. The diagnostics of the gastrointestinal 
microbiota was performed in the laboratory using KyberKompactPro 
test. The inclusion criteria covered: age between 25 and 45 years, body 
mass index (BMI) in the healthy weight range (18.5–24.9 kg/m2) or 
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overweight range (25–29.9 kg/m2) and not having chronic diseases. 
Body weight and body composition were measured using Tanita’s 
Bioelectrical Impedance Analysis technology.

To check the hypothesis that a plant-based diet could be protective 
against the development of infections, we  re-contacted all study 
participants in June 2021 and interviewed them regarding the 
prevalence and course of COVID-19 since the beginning of the 
pandemic. The questions included the information about duration of 
the illness, hospitalization and symptoms, and vaccination against the 
disease. Out of 104 individuals invited, nine were excluded because 
they did not have irrefutably confirmed diagnosis whether they had 
contracted COVID-19 (n = 4) or were vaccinated in too short interval 
of time since the examination (n = 5).

Finally, 95 persons were included in analyses among whom 24 had 
confirmed diagnosis of COVID-19 disease based on: positive PCR test 
results (n = 8), positive antibody test results (n = 7), typical COVID-19 
symptoms, including loss of smell and taste (n = 9). The study was 
conducted in accordance with the Declaration of Helsinki for medical 
research and obtained positive approval from the Bioethics Committee 
of Jagiellonian University (No. 1072.6120.5.2020 and 
1072.6120.202.2019). Following a careful explanation of research 
conditions and procedures, an informed consent was signed by all 
subjects before they participated in the study.

2.2. Dietary assessment and other 
measurements

Based on the data collected in 7-day diaries, the nutritional value 
of foods was determined using the Dieta 6.0 program developed by 
the National Food and Nutrition Institute in Poland and including 
information on total fat and individual fatty acids, protein and 
individual amino acids, carbohydrates, cholesterol, fiber, vitamins 
and minerals. The method of determination of polyphenols and 
phytosterols content in foods was previously described in detail 
(12–14). Dietary polyphenol and plant sterol intakes were calculated 
according to the amount of various kinds of foods and dishes 
consumed by the participants combined with their phytochemical 
content. Total polyphenol content was assessed mostly in laboratory 
analysis based on 367 foods and dishes consumed typically in Poland 
and taking into consideration the degree of processing with the 
division to uncooked/raw products and products submitted to 
culinary treatments (13). Additionally, the available databases were 
searched to retrieve the mean content of lignans (3 data sources, 
primary Dutch lignan database) and plant sterols (13 data sources, 
e.g., British database of Food Composition, the USDA database) in 
all foods, as well as total polyphenols (Phenol-Explorer database) for 
a very small number of foods not subjected to laboratory analysis 
(12–14). Product-specific macro-, micronutrient, polyphenol, lignan 
and plant sterol intake was obtained as a result of the multiplication 
of their content in food by the daily consumption of each food. 
Finally, these values were summed across all foods which the 
individual subject consumed. To reduce extraneous variation and 
eliminate noncausal association with disease due to confounding 
generated by the correlation of total energy intake with both 
nutrients intake and the disease risk, daily consumption of each 
phytochemical was additionally adjusted for total energy intake using 
the residual method (15). The categorization of phytochemical 

intakes was based on tertile distribution. Regarding covariates used 
in the analysis, total energy intake [kcal], BMI [kg/m2], age [years], 
and physical activity [hours per day] (logarithmically transformed) 
were incorporated into the models as continuous variables. Based on 
the body fat (BF) percentage and cutoff points by age and sex 
suggested by Gallagher et al. (16), the subjects were divided into the 
following groups: underfat, normal fat and overfat. Alcohol 
consumption was categorized as (i) none or moderate when 
consuming less than 5 g ethanol per day for women and less than 
10 g/d for men, and (ii) regular otherwise. Sex, diet and smoking 
status were dichotomized as male/female, traditional/vegetarian and 
current/other, respectively.

2.3. Statistical analysis

Categorical variables were depicted by absolute numbers and 
percentages whereas continuous features were described using means 
and standard deviations. Background characteristics of individuals 
were made for different tertile categories of total lignan and total 
phytosterol intake, and subsequently were compared across premade 
groups. To reduce the right skewness of daily phytochemical intakes 
and physical activity, logarithmic transformation (using base 2) was 
adopted. Significant improvements in the shape of their distribution 
to forms closely resembling the Gaussian curve were noted for all 
variables. Therefore, Log 2 transformed phytochemical intakes were 
compared between participants who have contracted and who have 
not contracted COVID-19 disease applying Student T-test. Differences 
between tertile categories of consumptions in univariable analyses 
were checked with Chi-square or Fisher exact test in the case of 
categorical variables, and with ANOVA in the case of continuous 
variables (after checking normality assumption and homogeneity of 
variance). The odds ratios (ORs) and 95% confidence intervals (CIs) 
were retrieved from multivariable logistic regression models after 
controlling for (i) age, total energy intake (model 1); (ii) additionally 
for sex, diet, body fat and smoking status (model 2); and finally for (iii) 
covariates in model 2 and BMI, physical activity and alcohol 
consumption (model 3). Different levels of adjustment allowed for 
verification whether associations were independent of the 
aforementioned variables, ensuring the robustness and stability of the 
findings. The logistic regression analysis was modeled by introducing 
exposures as: (i) three-level categorical variables with lowest tertiles as 
referent categories, (ii) as continuous variables (logarithmically 
transformed) to show the effects associated with a double increment 
of intake (per 1 unit increase in log 2), and additionally as (iii) score 
variables which were constructed by coding tertile groups with 1, 2 
and 3 and treated as numerical. p-values from two-sided tests were 
reported under a significance level of 0.05. R software (Development 
Core Team, Vienna, Austria, version 4.0.4) was used for all the 
statistical analysis. Additionally, the post hoc power analysis based on 
the multiple logistic regression was performed applying G*Power tool 
(version 3.1). We  verified the hypothesis that increasing total 
polyphenols intake for 1 unit in log2 scale significantly changes the 
chance of having contracted COVID-19. We  set: 95 subjects, 
OR = 0.20, probability of COVID-19 incidence when adequate 
amounts of phytochemicals were consumed: 0.16, variability in the 
main exposure that is accounted for by other covariates: 0.25. By 
default, two-tailed test and probability of type I error at a level 0.05 
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have been maintained. We obtained a highly satisfactory power equal 
to 0.995.

3. Results

3.1. Baseline characteristics of participants

The study was conducted on 95 persons, 73 men (76.8%) and 22 
women (23.2%), aged 25–45 years (mean = 34.66, SD = 5.76), every 
fourth of whom (n = 24) have contracted COVID-19. Participants 
from various tertiles of lignans and phytosterols did not differ in age, 
sex, marital status, BMI categories, body fat, smoking status, physical 
activity, total energy intake, total energy expenditure and sleep 
duration. However, there were significantly more vegetarians and 
regular alcohol drinkers in the highest category of phytosterols 

consumers compared with others. Detailed characteristics of 
examined adults are presented in Table 1.

3.2. Relationship of lignan and phytosterol 
intake with COVID-19 contraction

Intake of total polyphenols, and total and major groups of lignans 
and phytosterols by categories of people who have contracted and who 
have not contracted COVID-19 was shown in Figure  1; 
Supplementary Table S1. Habitual consumption of total polyphenols, 
secoisolariciresinol, total phytosterols, stigmasterol and β-sitosterol 
was significantly lower among those who fell ill with COVID-19.

To better visualize the relationship between a phytochemical-rich 
diet and the prevalence of the disease, percentages of cases across tertiles 
of exposures, as well as odds ratios for 1 category increase in tertile of 

TABLE 1 Baseline characteristics of the study participants (N  =  95).

Total lignan intake Total phytosterol intake

Variable T1 (N =  32) T2 (N =  31) T3 (N =  32) T1 (N =  32) T2 (N =  31) T3 (N =  32)

Age [years], mean (sd) 34.53 (6.15) 33.68 (5.68) 35.75 (5.42) 35.81 (6.49) 34.61 (5.44) 33.56 (5.22)

Sex, n (%)

Male 24 (75.00) 26 (83.87) 23 (71.88) 24 (75.00) 23 (74.19) 26 (81.25)

Female 8 (25.00) 5 (16.13) 9 (28.13) 8 (25.00) 8 (25.81) 6 (18.75)

Marital status, n (%)

Single or divorced 18 (56.25) 16 (51.61) 14 (43.75) 13 (40.63) 16 (51.61) 19 (59.38)

Married or cohabiting 14 (43.75) 15 (48.39) 18 (56.25) 19 (59.38) 15 (48.39) 13 (40.63)

BMI category, n (%)

Normal 20 (62.50) 22 (70.97) 24 (75.00) 22 (68.75) 20 (64.52) 24 (75.00)

Overweight 12 (37.50) 9 (29.03) 8 (25.00) 10 (31.25) 11 (35.48) 8 (25.00)

Diet, n (%)

Traditional 22 (68.75) 16 (51.61) 16 (50.00) 23 (71.88) 23 (74.19) 8 (25.00)***

Vegetarian 10 (31.25) 15 (48.39) 16 (50.00) 9 (28.13) 8 (25.81) 24 (75.00)

Body fat, n (%)

Under fat 2 (6.25) 4 (12.90) 4 (12.50) 4 (12.50) 3 (9.68) 3 (9.38)

Normal 21 (65.63) 25 (80.65) 23 (71.88) 20 (62.50) 23 (74.19) 26 (81.25)

Overfat 9 (28.13) 2 (6.45) 5 (15.63) 8 (25.00) 5 (16.13) 3 (9.38)

Smoking, n (%)

No 28 (87.50) 27 (87.10) 28 (87.50) 28 (87.50) 28 (90.32) 27 (84.38)

Yes 4 (12.50) 4 (12.90) 4 (12.50) 4 (12.50) 3 (9.68) 5 (15.63)

Alcohol, n (%)

None or moderate 21 (65.63) 21 (67.74) 18 (56.25) 23 (71.88) 23 (74.19) 14 (43.75)*

Regular 11 (34.38) 10 (32.26) 14 (43.75) 9 (28.13) 8 (25.81) 18 (56.25)

Energy intake [kcal], mean(sd) 2,261 (575) 2,221 (503) 2,174 (394) 2,133 (445) 2,364 (611) 2,164 (379)

BMI [kg/m2], mean (sd) 23.65 (2.69) 23.43 (2.60) 22.93 (2.69) 23.65 (2.46) 23.50 (2.89) 22.86 (2.60)

Log Physical Activity [h/d], mean (sd) 0.58 (0.14) 0.56 (0.15) 0.58 (0.19) 0.54 (0.12) 0.61 (0.17) 0.56 (0.18)

TEE [kcal], mean (sd) 2,529 (461) 2,590 (385) 2,523 (491) 2,486 (410) 2,622 (466) 2,536 (461)

Sleep duration [h], mean (sd) 7.44 (0.70) 7.44 (0.91) 7.44 (0.86) 7.44 (0.84) 7.44 (0.84) 7.44 (0.84)

Results are expressed as n (%), or mean (sd), T1, T2, T3, tertile groups; TEE, total energy expenditure; BMI, body mass index, mean, p values are based on Chi-squared test of independence or 
ANOVA test, *p < 0.05, **p < 0.01, ***p < 0.001.
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intake and for doubling intake were depicted in Table 2. In univariable 
analysis, both chi-squared test and logistic regression models have shown 
that higher consumption of secoisolariciresinol, total phytosterols and 
stigmasterol was associated with lower risk of COVID-19. Additionally, 
compared with lower tertiles, a significantly lower frequency of 
contraction of COVID-19 was noted in the highest tertile of consumption 

of matairesinol and decreased chance of the illness was observed for 
people with greater intake of total polyphenols and β-sitosterol (Table 2).

The negative associations between COVID-19 prevalence and 
dietary intake of secoisolariciresinol, total phytosterols and 
stigmasterol were confirmed in multivariable analysis, showing very 
stable and robust results after controlling for different sets of potential 

FIGURE 1

Comparison of distribution of energy adjusted logarithmically transformed daily consumption of specific phytochemicals between respondents who 
have contracted and who have not contracted COVID-19. For better visualization particular phytochemical intake were expressed in different units. 
*p  <  0.05, **p  <  0.01, ***p  <  0.001 for Student T-test analysis (N  =  95).

TABLE 2 Association between phytochemical intake and COVID-19 contraction – comparison of distribution of risk of disease by tertiles of 
consumptions and crude logistic regression analysis for continuous exposure level (N  =  95).

Phytochemicals Phytochemical-specific tertiles OR (95% CI)

T1 (N  =  32) T2 (N  =  31) T3 (N  =  32) Per 1 category of 
tertile increase

Per 1 unit 
increase in Log2

COVID-19 contraction, n (%)

Total polyphenols [mg] 11 (34.4) 8 (25.8) 5 (15.6) 0.60 (0.33–1.08) 0.29 (0.09–0.92)*

Total lignans [μg] 11 (34.4) 6 (19.4) 7 (21.9) 0.72 (0.40–1.27) 0.74 (0.47–1.15)

Lariciresinol [μg] 10 (31.3) 7 (22.6) 7 (21.9) 0.78 (0.44–1.38) 0.74 (0.44–1.23)

Matairesinol [ng] 9 (28.1) 12 (38.7) 3 (9.4)* 0.60 (0.33–1.08) 0.90 (0.70–1.16)

Pinoresinol [μg] 8 (25.0) 9 (29.0) 7 (21.9) 0.92 (0.52–1.62) 0.90 (0.67–1.20)

Secoisolariciresinol [μg] 15 (46.9) 6 (19.4) 3 (9.4)** 0.33 (0.17–0.64)** 0.50 (0.31–0.81)**

Total phytosterols [mg] 12 (37.5) 9 (29.0) 3 (9.4)* 0.45 (0.24–0.84)* 0.21 (0.05–0.84)*

Stigmasterol [mg] 14 (43.8) 7 (22.6) 3 (9.4)** 0.37 (0.19–0.70)** 0.26 (0.11–0.64)**

Campesterol [mg] 8 (25.0) 10 (32.3) 6 (18.8) 0.85 (0.48–1.49) 1.03 (0.35–3.03)

β-sitosterol [mg] 12 (37.5) 8 (25.8) 4 (12.5) 0.50 (0.27–0.92)* 0.23 (0.06–0.89)*

Results are expressed as n (%), or OR (95% CI), OR, odds ratio; CI, confidence interval; T1, T2, T3, tertile groups; *p < 0.05, **p < 0.01, ***p < 0.001 from Chi-squared test or logistic regression 
analysis.
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confounders. In fully adjusted models, independently of age, total 
energy intake, sex, diet, smoking status, BF, BMI, physical activity and 
alcohol consumption, the diet richest in specific phytochemical 
diminished the odds of the occurrence of COVID-19 about 90, 84, 
and 88% compared with the diet poorest in these compounds 
(OR = 0.10, 95% CI: 0.02–0.46 for secoisolariciresinol, OR = 0.16, 95% 
CI: 0.03–0.76 for total phytosterols and OR = 0.12, 95% CI: 0.02–0.54 
for stigmasterol, Table 3; Figure 2). These relations were also reflected 
by a decline in the risk of the disease with each movement to a higher 
category of tertile intake (OR = 0.28, 95% CI: 0.11–0.61 for 
secoisolariciresinol, OR = 0.47, 95% CI: 0.22–0.95 for phytosterols and 
OR = 0.34, 95% CI: 0.14–0.72 for stigmasterols) and with doubling of 
intake (OR = 0.47, 95% CI: 0.24–0.79 for secoisolariciresinol, 
OR = 0.23, 95% CI: 0.04–1.01 (marginally significant) for phytosterols 
and OR = 0.29, 95% CI: 0.09–0.72 for stigmasterol, Table 3). Moreover, 
the evidence of protective effect against COVID-19 contraction was 
found for total polyphenols, matairesinol and β-sitosterol, in most 
cases with significant or marginally significant results and a reduction 
in the odds of the disease ranging from 70 to 84% in analysis 
comparing extreme categories of intake, from 44 to 51% in analysis 
reflecting change category of tertile to one level higher and, except 
matairesinol, from 74 to 80% when doubling intake, although wide 
confidence intervals were observed (Table 3; Figure 2). No univocal 
patterns of trends could have been found concerning total lignans, two 
individual lignan groups, namely lariciresinol and pinoresinol and one 
individual phytosterol group, namely campesterol; despite a general 
tendency of decreasing the risk of COVID-19 observed with a higher 
intake, no result reached statistical significance (Table 3).

3.3. Relationship of lignan and phytosterol 
intake with the immunostimulatory 
microbiota Escherichia coli and 
Enterococcus spp. as well as with 
immunomodulatory profile of the diet 
assessed by POLA index

The frequencies and odds ratios of the occurrence of abnormal 
amounts of each of the two strains of immune-stimulating microbiota 
(below 106 CFU/g in feces) within groups of people with different 
consumption of phytochemicals was shown in Figures 3, 4. Generally, 
a decreasing trend in the occurrence of abnormal values of 
Enterococcus spp. was noted across tertile categories of total 
polyphenols and all types of lignans except secoisolariciresinol. In the 
case of Escherichia coli a tendency of analogical trends was observed 
between premade groups of phytosterols. However, the result for 
Enterococcus spp. was statistically significant only for lariciresinol 
(p < 0.05) and on the boundary of significance only for total lignans 
(p < 0.1), showing lowering the odds of abnormal values about 42 and 
38%, respectively, with each increment of tertile category. The largest 
disparities in the frequency of prevalence of aberrant values of strains 
of Escherichia coli were found between tertiles of β-sitosterols intake. 
Independently of age, sex, diet, and total energy intake, persons in the 
third tertile of β-sitosterols compared with the first tertile had 72% 
reduced odds of having an abnormal level of bacteria compared with 
those from the first tertile, despite a very wide confidence interval 
(OR = 0.28, 95% CI: 0.08–0.86). No other statistically significant 
results were observed (Figures 3, 4; Supplementary Table S2).

Moreover, there was a positive association between a higher intake 
of lignans (however nonsignificant) and phytosterols and more 
beneficial immunomodulatory profile of the diet assessed by the 
POLA index which has been previously shown to be negatively related 
to the risk of COVID-19 (Supplementary Table S3) (17).

4. Discussion

The present study examined the relationship between 
phytochemical consumption, gut microbiota and the risk of 
COVID-19 disease among non-obese 25-45-year-old subjects without 
comorbidities. The results showed that higher intake of total 
polyphenols, specific lignans such as secoisolariciresinol and 
matairesinol, as well as total phytosterols and some subclasses: 
stigmasterols and β-sitosterols was associated with a lower risk of 
COVID-19.

There are currently no human studies available evaluating the 
effectiveness of higher dietary polyphenol, lignan and phytosterol 
intake in reducing COVID-19 risk. However, the antiviral efficacy of 
polyphenols including lignans and plant sterols has been confirmed 
against SARS-CoV, MERS-CoV, Ebola virus, HIV, influenza virus and 
other viruses causing respiratory tract infections (18–21). Recent 
studies have also demonstrated their beneficial effects against the 
SARS-CoV-2 virus (18, 22–24) resulting from their ability to bind to 
peak protein sites on the ACE2 receptor used by SARS-CoV-2 to 
infect cells (25, 26), regulate ACE2 expression and also interfere with 
SARS-CoV-2 replication by inhibiting the virus protease or inhibiting 
SARS-CoV-2 RNA-dependent RNA polymerase (RdRp) (27, 28). The 
antiviral activity of some of them is comparable to or stronger than 
pharmacological agents (naringenin, vs. remdesivir (29), citrus 
flavonoids and polyphenols from Curcuma spp. vs. lopinavir and 
nafamostat (30)).

Although diet alone is not sufficient for the prevention of any 
virus infection, adequate nutrition is viewed as one of the best 
complementary approaches for controlling many types of infections, 
including SARS-CoV-2. Optimal dietary intake of macro- and 
micronutrients and other bioactive constituents may affect the 
immune system and thus strengthen the protection against influenza-
like illnesses such as COVID-19 disease (1, 11, 17, 31). Unfortunately, 
the pandemic has had a significant impact on nutritional habits, yet 
dietary changes have manifested differently and to various extents 
among men and women as well as in people with distinct 
socioeconomic status (32–34). For example, improvements in line 
with a Mediterranean diet which is proven to help boost immunity, 
were associated with higher education, wealth, skilled manual 
occupations and male sex (33). Nevertheless, the transition to the new 
habits during the pandemic, primarily, was associated with negative 
eating behaviors.

It has been reported that consumptions of polyphenols and 
phytosterols such as β-sitosterol, campesterol, and stigmasterol, are 
beneficial for the human immune system and health due to their 
antioxidant, anti-inflammatory and cholesterol-lowering activity 
(7, 35, 36). Also, lignans that include secoisolariciresinol and 
matairesinol are among the most promising immunotherapeutics 
(37) that exhibit antioxidant and anti-inflammatory activity (38). 
The immune system is critical for the clearance of a variety of 
infections. In the case of COVID-19, induced cytokine release 
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syndrome is suggested to play a pivotal role in the pathology of the 
disease. Therefore, there is a significant concern regarding the 
search for methods of treatment that focus on prevention of 

cytokine storm in ill patients. Such an activity is demonstrated by 
polyphenols and phytosterols, which, through their effects on 
macrophages, inhibit the secretion of the pro-inflammatory 

TABLE 3 Association between phytochemical intake and COVID-19 contraction.

Phytochemicals T1 (N  =  31) T2 (N  =  31) T3 (N  =  32) Per 1 category of 
tertile increase

Per 1 unit 
increase in Log2

Total polyphenols [mg]

Model 1 1 (ref.) 0.78 (0.24–2.52) 0.28 (0.07–0.96)* 0.55 (0.29–1.00) 0.22 (0.06–0.74)*

Model 2 1 (ref.) 0.70 (0.20–2.41) 0.30 (0.07–1.09) 0.56 (0.28–1.06) 0.21 (0.05–0.76)*

Model 3 1 (ref.) 0.71 (0.20–2.45) 0.30 (0.07–1.13) 0.56 (0.27–1.07) 0.20 (0.05–0.77)*

Total lignans [μg]

Model 1 1 (ref.) 0.44 (0.12–1.47) 0.43 (0.12–1.36) 0.64 (0.34–1.17) 0.70 (0.43–1.10)

Model 2 1 (ref.) 0.44 (0.11–1.63) 0.47 (0.12–1.62) 0.68 (0.35–1.29) 0.73 (0.44–1.17)

Model 3 1 (ref.) 0.40 (0.09–1.55) 0.48 (0.13–1.67) 0.69 (0.35–1.30) 0.74 (0.44–1.17)

Lariciresinol [μg]

Model 1 1 (ref.) 0.62 (0.18–2.03) 0.52 (0.15–1.71) 0.72 (0.39–1.31) 0.66 (0.37–1.11)

Model 2 1 (ref.) 0.68 (0.19–2.38) 0.58 (0.16–2.00) 0.76 (0.40–1.42) 0.70 (0.38–1.20)

Model 3 1 (ref.) 0.64 (0.17–2.38) 0.59 (0.16–2.06) 0.76 (0.40–1.44) 0.69 (0.37–1.20)

Matairesinol [ng]

Model 1 1 (ref.) 1.41 (0.46–4.43) 0.24 (0.05–0.97)* 0.56 (0.29–1.04) 0.89 (0.67–1.17)

Model 2 1 (ref.) 1.68 (0.47–6.20) 0.20 (0.03–0.97)* 0.51 (0.24–1.03) 0.90 (0.65–1.21)

Model 3 1 (ref.) 1.85 (0.51–7.09) 0.16 (0.02–0.81)* 0.49 (0.23–1.01) 0.88 (0.63–1.21)

Pinoresinol [μg]

Model 1 1 (ref.) 1.29 (0.39–4.34) 0.76 (0.22–2.59) 0.88 (0.48–1.58) 0.88 (0.65–1.18)

Model 2 1 (ref.) 1.66 (0.46–6.25) 0.80 (0.21–2.98) 0.89 (0.47–1.67) 0.90 (0.66–1.22)

Model 3 1 (ref.) 1.66 (0.44–6.62) 0.81 (0.21–3.03) 0.88 (0.46–1.67) 0.90 (0.65–1.22)

Secoisolariciresinol [μg]

Model 1 1 (ref.) 0.18 (0.05–0.61)** 0.09 (0.02–0.37)** 0.28 (0.12–0.57)** 0.47 (0.26–0.75)**

Model 2 1 (ref.) 0.18 (0.05–0.63)* 0.11 (0.02–0.46)** 0.29 (0.12–0.62)** 0.48 (0.26–0.79)**

Model 3 1 (ref.) 0.15 (0.03–0.57)** 0.10 (0.02–0.46)** 0.28 (0.11–0.61)** 0.47 (0.24–0.79)*

Total phytosterols [mg]

Model 1 1 (ref.) 0.88 (0.28–2.74) 0.19 (0.04–0.73)* 0.49 (0.25–0.90)* 0.25 (0.05–0.88)*

Model 2 1 (ref.) 0.81 (0.25–2.61) 0.16 (0.03–0.72)* 0.47 (0.22–0.92)* 0.23 (0.04–0.99)*

Model 3 1 (ref.) 0.82 (0.24–2.70) 0.16 (0.03–0.76)* 0.47 (0.22–0.95)* 0.23 (0.04–1.01)

Stigmasterol [mg]

Model 1 1 (ref.) 0.43 (0.13–1.36) 0.14 (0.03–0.54)** 0.39 (0.19–0.74)** 0.30 (0.11–0.69)**

Model 2 1 (ref.) 0.32 (0.09–1.11) 0.13 (0.02–0.56)* 0.35 (0.16–0.73)** 0.29 (0.10–0.71)*

Model 3 1 (ref.) 0.31 (0.07–1.12) 0.12 (0.02–0.54)** 0.34 (0.14–0.72)** 0.29 (0.09–0.72)*

Campesterol [mg]

Model 1 1 (ref.) 1.87 (0.58–6.37) 0.68 (0.19–2.41) 0.85 (0.46–1.52) 1.20 (0.38–3.64)

Model 2 1 (ref.) 1.63 (0.48–5.73) 0.60 (0.16–2.19) 0.80 (0.42–1.47) 1.13 (0.34–3.63)

Model 3 1 (ref.) 1.71 (0.49–6.33) 0.65 (0.16–2.55) 0.83 (0.42–1.58) 1.19 (0.35–3.88)

β-sitosterol [mg]

Model 1 1 (ref.) 0.59 (0.18–1.85) 0.23 (0.05–0.81)* 0.49 (0.25–0.91)* 0.24 (0.05–0.87)*

Model 2 1 (ref.) 0.52 (0.15–1.72) 0.24 (0.05–0.93)* 0.49 (0.24–0.96)* 0.24 (0.04–1.02)

Model 3 1 (ref.) 0.52 (0.14–1.78) 0.24 (0.05–0.97)* 0.49 (0.23–0.98)* 0.24 (0.04–1.02)

Results of multiple logistic regression analysis for tertiles of consumption and for continuous exposure (N = 95). Results are presented as ORs (95% CIs), T1, T2, T3, tertile groups, *p < 0.05, 
**p < 0.01, ***p < 0.001 from multiple logistic regression analysis, Model 1, adjusted for age and total energy intake; Model 2, adjusted for variables in model 1 and sex, diet, smoking status, 
BF; Model 2, adjusted for variables in model 2 and for BMI, physical activity and alcohol consumption (N = 95).
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mediators interleukin-1-beta (IL-1ß), IL-2, IL-6, γ-interferon 
(IFN-γ), and tumor necrosis factor α (TNF-α) reducing 
inflammation caused by hyperactivation of cytokines (39–41). 
Anti-inflammatory and preventive effects against diseases 
associated with immune dysregulation are shown, for example, by 
polyphenols in red wine (they raise interleukin IL-21 levels and 
reduce the release of IL-1β and IL-6) (42) or polyphenols from 
green tea, pomegranate, grape seed, mango (6).

The high capacity to reduce oxidative stress and overproduction 
of reactive oxygen species (ROS) exacerbates the anti-inflammatory 
effects of polyphenols and phytosterols (43–45). Polyphenols can also 
enhance resistance to foreign pathogens through other inflammation-
related pathways like activation of T regulatory cells (Treg), which can 
suppress cytotoxic T cell function (6, 46), affecting dendritic cells, 
increasing B and T lymphocyte proliferation and inducing apoptosis 
(6). On the other hand, some phytosterol compounds, in addition to 
their ability to attenuate the inflammatory response in 
lipopolysaccharide-induced macrophage models (47), may also exert 
antiproliferative effects (β-sitosterol) (48).

Both polyphenols and phytosterols reduce cholesterol levels in the 
cell membrane or destabilize the structure of lipid rafts, which are the 
main docking sites for COVID-19 entry and genome release (49). 
Cholesterol is also essential for the replication and infectivity of 
enveloped viral particles, and influences the molecular and cellular 
events of immune cells and subsequent biological responses through 
many other mechanisms (50). Plant sterols have similar chemical 
structure to cholesterol, and esters of both compounds can be seen as 
the rivals to each other due to their competition for hydrolysis by 
enzymes in the gastrointestinal tract. As phytosterols are more 
lipophilic, they can contribute to the reduction of micellar solubility 
of cholesterol in the intestine and are capable of eliciting the reduction 
of the cholesterol absorption by enterocytes (36). Phytosterols 
(sitosterol and campesterol) can activate the bile acid excretion 
pathway and accelerate cholesterol metabolism (51–53), reduce 
cholesterol synthesis and disrupt cholesterol homeostasis 
(stigmasterol) (54, 55). A therapy with a polyphenol composition 
resulted in a significant increase in HDL fraction cholesterol (56), low 
levels of which were associated with a more severe course of 

FIGURE 2

Odds ratios of COVID-19 contraction across specific-phytochemical tertiles. The results of fully adjusted models after controlling for age, total energy 
intake, sex, diet, smoking status, BF, BMI, physical activity, and alcohol consumption (N  =  95).
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COVID-19 (57). The cardioprotective effects of these compounds (58, 
59) may also improve the course of COVID-19  in patients with 
cardiovascular disease. They also have anti-diabetic effects (43, 60, 61) 
and may reduce obesity (62).

Numerous studies confirm that a diet high in plant-based 
products containing, among others, phytosterols naturally present in 
the cell membranes of lipid-rich plants (nuts, seeds, legumes, olive oil 
(63)), is associated with a lower risk of infection and a milder course 
of COVID-19 (64, 65). Some dietary patterns including products 
abundant in polyphenols and phytosterols have been also shown to 
be competent to antagonize inflammation by many pathways. The 
Mediterranean diet characterized by a high amount of antioxidant 
vitamins and phytochemicals has been reported to reduce oxidative 
stress, block pro-inflammatory cytokines, suppress inflammatory and 
increase antioxidant gene expression, as well as activate transcription 
factors that counteract chronic inflammation (66, 67). In the large 
cohort of the MOLI-SANI study, a Mediterranean eating pattern as 
well as specifically flavonoid and lignan intakes measured by 
Polyphenol Antioxidant Content (PAC) score, have been proven to 
be related to novel cellular biomarkers of low-grade inflammation 
such as platelet, leucocyte counts and granulocyte:lymphocyte ratio 
(68). Regarding the possible effect of other dietary, clinical and 
environmental factors, the flavonoid and lignan content of diet 
explained a relatively high proportion of the variation of INFLA score 
evaluating the synergetic effect of inflammatory biomarkers in both 
men and women (66).

Interestingly, in our study among the subjects who consumed the 
most phytosterols there were regular alcohol drinkers. This was related 

to their consumption of beer, which was a source of a significant 
amount of these compounds (69, 70). Although the amount of 
phytosterols in beer is considered too low for a health effect, some 
wheat beers with a high yeast content, or with the addition of whole 
grain, may contain higher levels of ergosterol or sitosterol (70). The 
benefits of alcohol consumption remain controversial concerning 
both the type of alcohol and the drinking pattern, and it is difficult to 
recommend alcohol as a source of phytosterols.

Our study shows that while habitual intake of the analyzed 
compounds did not protect against COVID-19, higher intake of total 
polyphenols, specific lignans such as secoisolariciresinol, total 
phytosterols and some subclasses: stigmasterol and β-sitosterol was 
associated with lower risk of COVID-19. Also in other studies, high 
doses of polyphenols (71) and a high intake of β-sitosterol (72) have 
been shown to possess a protective effect against COVID-19. In an in 
silico computational study secoisolariciresinol was found to be more 
effective against non-structural proteins (nsp10 and nsp16) of SARS-
CoV-2 than remdesivir and more significant than lopinavir (73). 
There are no results to date on the effect of an increased matairesinol 
intake in COVID-19. A diet with a significant amount of matairesinol 
compared to a typical northern Italian diet resulted in reduced 
vascular inflammation and endothelial dysfunction (74). Matairesinol 
attenuated sepsis-induced brain damage (45). However, the beneficial 
role of matairesinol in reducing the frequency of COVID-19 
contractions was demonstrated here for the first time.

Various factors influence the incidence and course of COVID-19. 
COVID-19 infection has been shown to have the lowest mortality rate 
among children with a log-linear increase among the elderly (75), 

FIGURE 3

Comparison of percentage of people in whom the amount of bacteria Enterococcus spp. and Escherichia coli was outside the norm across specific-
polyphenol tertiles, *p  <  0.05, **p  <  0.01, ***p  <  0.001 for logistic regression analysis testing decreasing trend between tertiles after controlling for age, 
sex, diet, and total energy intake (N  =  95).
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sexual dimorphism with a tendency toward greater severity and 
mortality among men (76), a worse prognosis and higher mortality 
among those who are obese (77) or consume large amounts of alcohol 
(78). In contrast, people with a balanced diet, who were physically 
active and did not use stimulants were at significantly lower risk of 
COVID-19 infection (11). However, our study showed that regardless 
of age, total energy intake, sex, diet, smoking status, BF, BMI, physical 
activity and alcohol consumption, a diet richest in secoisolariciresinol, 
total phytosterols and stigmasterol reduced the odds of COVID-19 by 
90, 84 and 88% respectively, and a diet richest in total polyphenols, 
matairesinol and β-sitosterol showed a protective effect against 
COVID-19 contraction with reduced odds of the disease ranging from 
70 to 84% in analysis comparing extreme categories of intake. These 
relationships were also reflected in a decrease in the risk of disease 
with each shift to a higher category of tertile intake and with doubling 
of intake for most of them. The implication is that sufficiently high 
dietary intake of these phytochemicals may affect the infection rate, 
course and mortality caused by SARS-CoV-2 more strongly than the 
other factors. Their efficacy against COVID-19 when consumed with 
the diet was independent of low bioavailability (79, 80), environmental 
factors and enzymatic activity in the gastrointestinal tract, which are 
indicated as factors that potentially reduce the concentration of 
polyphenols and even cause partial or complete loss of their bioactivity 
(79). Thus, it appears that the pharmacological and molecular effects 
of dietary phytochemicals may be quite different from those of single 
compounds, due to complex complementary, additive or synergistic 

interactions between polyphenols and/or other classes 
of phytochemicals.

A growing body of evidence in the literature suggests a link 
between intestinal dysbiosis and a variety of illnesses and their courses 
(42, 81), including COVID-19 disease severity (82, 83). The gut 
microbiome and its composition is highly important for human 
organism not only due to its participation in digestion, absorption and 
metabolism, but also due to its modulating activity in the immune 
responses. Some strains of commensal bacteria species such as 
Escherichia coli and Enterococcus spp. are involved in the production 
of antibodies, maturation of B lymphocytes and maintaining the 
balance of Th1/Th2 lymphocytes by activating the cytokine network. 
Enterococcus bacteria, stimulate plasmocytes in the intestinal 
epithelium to synthesize secretory IgA, and non-pathogenic 
Escherichia coli strains activate gut-associated lymphoid tissue (GALT) 
cells to synthesize antimicrobial factors and mature dendritic 
cells (84).

Polyphenols and phytosterols are among the dietary components 
suggested in the literature to help maintain intestinal homeostasis (6, 
7). Absorbed polyphenols interact with the immune system from the 
gastrointestinal tract and thus contribute to the prevention of some 
immune diseases (42, 46). Immune cells express polyphenol receptors 
enabling the activation of signaling pathways to initiate an immune 
response (46). It has been documented that SARS-CoV-2-induced 
dysbiosis of the gut microbiota might be modified by the prebiotic 
effects of polyphenols (85).

FIGURE 4

Odds ratios of bacteria Enterococcus spp. and Escherichia coli outside the norm across specific-polyphenol tertiles. Multiple logistic regression after 
controlling for age, sex, diet, and total energy intake (N  =  95).
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In vitro and in vivo animal as well as human studies have 
shown that an adequate diet rich in phytochemicals can promote 
the growth of beneficial microflora in the gut and suppress 
pathogenic bacteria (86). Considering the symbiotic relationship 
of Escherichia coli and Enterococcus spp. with the host’s immune 
system we  checked the aforementioned hypotheses for these 
microbes. In our study we  observed a positive association of 
β-sitosterol intake and phytosterols in total with the occurrence of 
normal amounts of Escherichia coli in stool samples. Additionally, 
there was a trend of more frequent presence of Enterococcus spp. 
at the relevant level, i.e., >106 CFU/g, in people with a higher intake 
of lariciresinol.

These findings are in agreement with the results of other studies. 
Lariciresinol isolated from Rubia philippinensis showed a reduction 
in bacterial cell viability and had antimicrobial activity against 
pathogenic strains of Escherichia coli (87). Feeding animals with high 
doses of stigmasterol (88) or β-sitosterol (48) resulted in the alleviation 
of intestinal dysbiosis. The consequence was increased cholesterol and 
coprostanol excretion, as well as decreased hepatic esterified 
cholesterol (7). Consumption of polyphenols from red wine and 
dealcoholized red wine significantly increased the number of 
Enterococcus groups and the concentration of Enterococcus in feces 
(89, 90). Since dysbiosis of the intestinal microflora is associated with 
the development of many noncommunicable diseases, including 
cardiovascular disease, obesity and neurodegenerative diseases, a 
beneficial interaction with polyphenolic compounds could potentially 
provide health benefits. With that said, the ability of dietary 
polyphenols to produce clinical effects may attribute, at least in part, 
to a bidirectional relationship with the gut microbiota. Polyphenols 
can influence the composition of the gut microbiota and gut bacteria 
metabolize polyphenols into bioactive compounds that confer clinical 
benefits (61).

Although we have made efforts to minimize the probability of 
bias during conducting this research, our study is not free from 
certain limitations. Firstly, as it is common in observational 
studies, we cannot rule out the possibility of residual confounding 
by unmeasured dietary variables or other factors. Notwithstanding, 
for counteracting such a threat, the study participation was 
constrained by some exclusion criteria and we adjusted the intake 
of all phytochemicals to total energy intake. At the same time, 
we conducted several types of analyses to check the stability of the 
results, controlling constructed models to different sets of 
covariates. Secondly, some lignans, especially matairesinol, were 
consumed by participants in small amounts and, therefore, the 
results for them should be interpreted with caution. Thirdly, e.g., 
due to seasonal variation in the accessibility of fresh fruits and 
vegetables in Poland, participants could change their dietary 
patterns during follow-up and might not maintain their eating 
habits recorded in diaries. However, since a pandemic wave came 
around the time of the examination, the time of collecting 
information about dietary practices seems to be optimal to test 
whether the nutritional status of the body could shape to a great 
extent the immune responses against SARS-CoV-2. Finally, mostly 
due to difficulties associated with escalating lockdown restrictions, 
and consequently shortening duration of the second arm of the 
study, the final distribution of sex was in favor of men. Additionally, 
the online recruitment may have led to over- or under-
representation of the target population.

Even though COVID-19 vaccines are the main course of action to 
curb the development of the SARS-CoV-2 pandemic, additional 
efforts are being made to mitigate the pathological effects of 
COVID-19 and other viral respiratory diseases.

The antiviral effects of phytochemicals, combined with well-
established antioxidant, anti-inflammatory and anti-cholesterol 
activities, have proven to be effective in the prevention and treatment 
of COVID-19 and may provide an alternative or adjuvant solution to 
drug treatment. Especially since they show comparable effects and 
fewer side effects than pharmaceutical preparations.

Despite possible drug interactions, increasing the supply of 
phytosterols and polyphenols including lignans in the diet appears to 
be  one of the simplest and safest methods of counteracting the 
infection and supporting the treatment of COVID-19. In patients 
infected with SARS-CoV-2, the use of an appropriate dietary model 
may prove more effective than the use of single purified compounds 
including dietary supplements.

5. Conclusion

The results of the current study support the hypothesis that a 
diet rich in phytosterols and polyphenols, including lignans, can 
help to reduce the risk of COVID-19 contraction. Furthermore, the 
findings suggest that high consumption of their several 
representatives, namely β-sitosterol and lariciresinol, may 
be positively associated with the presence at a relevant level of 
some strains of commensal bacteria species such as Escherichia coli 
and Enterococcus spp. which support immune system. Various 
phytochemicals can have a differential effect on gut microbiome 
and influenza-like diseases. Therefore, further research is needed 
to explore these outcomes in relation to the bioavailability of 
specific phytosterols and lignans.
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