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Abstract

Background

Many foods have an antioxidant activity and nutrition may mitigate COVID-19. Some of the countries
with a low COVID-19 mortality are those with a relatively high consumption of traditional fermented
foods. To test the potential role of fermented foods in COVID-19 mortality in Europe, we performed

an ecological study.
Methods

The European Food Safety Authority (EFSA) Comprehensive European Food Consumption Database
was used to study the country consumption of fermented vegetables, pickled/marinated vegetables,
fermented milk, yoghurt and fermented sour milk. We obtained the COVID-19 mortality per number
of inhabitants from the Johns Hopkins Coronavirus Resource Center. EuroStat data were used for data
on potential confounders at the country level including Gross Domestic Product (GDP) (2019),
population density (2018), percentage of people older than 64 years (2019), unemployment rate (2019)
and percentage obesity (2014, to avoid missing values). Mortality counts were analyzed with quasi-
Poisson regression models - with log of population as an offset - to model the death rate while

accounting for over-dispersion.
Results

Of all the variables considered, including confounders, only fermented vegetables reached statistical
significance with the COVID-19 death rate per country. For each g/day increase in the average
national consumption of fermented vegetables, the mortality risk for COVID-19 decreased by 35.4%
(95% CI: 11.4%, 35.5%). Adjustment did not change the point estimate and results were still

significant.
Discussion

The negative ecological association between COVID-19 mortality and consumption of fermented
vegetables supports the a priory hypothesis previously reported. The hypothesis needs to be tested in

individual studies performed in countries where the consumption of fermented vegetables is common.
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Introduction

One of the striking problems raised by the COVID-19 pandemic is the highly variable death rate
between and within countries. In Europe, countries like Belgium, France, Italy, Spain and the UK have
a very high death rate, whereas central European countries, the Balkans and some Nordic countries
have very low rates (1). Similar differences exist globally. In Europe, some countries with low
mortality rates, like Germany, initiated early tests and lockdown (2). However, this is unlikely to be
the only explanation. The COVID-19 epidemic is multifactorial. Factors like climate, population
density, age structure, socio-economic factors (such as unemployment, but also housing conditions,

including those at retirement homes) are also associated with increased incidence and mortality.

Among other potentially relevant factors, diet has received little attention. Many foods have an
antioxidant activity (3-5) and it has been proposed that the role of nutrition may mitigate COVID-19
(6). Some processes like fermentation increase the antioxidant activity of milk, cereals, fruit,
vegetables, meat and fish (7). Some countries with low COVID-19 mortality rates appear to be those

with a relatively high consumption of traditional fermented foods (1).

To test the potential role of fermented foods in the COVID-19 mortality in Europe, we have performed

an ecological study.

Methods

Selection of the database

The European Union provided the European Food Safety Authority (EFSA) Comprehensive European
Food Consumption Database in 2011 as well as an update in 2015. This contains detailed data for EU

countries (https://www.efsa.europa.eu/en/food-consumption/comprehensive-database). It enables the

study of the assessment of nutrient intake in the populations of many EU countries. In the database,
dietary surveys and food consumption data for each country are divided into categories. These include:
age (from infants to adults aged 75 years or older); food group (over 2,500) and type of consumption

(covering both regular and high consumption).

The Comprehensive Database constitutes a unique resource for the estimation of consumption figures
across the European Union and represents a useful tool for assessing nutrient intake in Europe.
However, many substantial methodological differences exist between countries, data are provided over
a rather long period of time and data should be considered with caution (8). To generate maps with the
distribution of consumption, we used 25, 50 and 75% confidence intervals (CI) to classify the

countries’ food intake (low <25%, medium: 25-49%, high: 50-75%, very high: >75%) in adults.
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Since data from certain countries are missing in the database, we attempted to find other sources of

data. We obtained data from Poland for fermented foods (Polish Academy of Science) (9).
Selection of foods

The hypothesis raised recently proposed that diet with traditional fermented foods may explain some
of the differences in the COVID-19 death rates between countries (1). We then selected fermented
foods from the database that are not necessarily prepared using traditional recipes (“fermented milk
products”) and others that are more likely to be closer to traditional foods (‘“fermented vegetables”,
and “traditional sour milk”). We added “probiotic milk”, “yoghurt” and “pickled/marinated

vegetables” to this list (Table 1).

Data from the national surveys of different EU countries have been extracted from the EFSA

Comprehensive European Food Consumption Database for different fermented foods (Table 2).
Assessment of COVID-19 mortality

We used mortality per number of inhabitants to assess the death rates as proposed by the European
Center for Disease Prevention and Control (ecdc, https://www.ecdc.europa.eu/en). To create maps
with the death rate distribution, we used cutoffs at 25 (very low death rates), 50 (low), 100 (medium),
250 (high) and 500 (very high) per million (May 20, 2020) (1). Raw data were used for the Poisson

analysis.

Data on mortality for COVID-19 were downloaded from the Johns Hopkins Coronavirus Resource
Center (https:/coronavirus.jhu.edu) on June 22", 2020. In addition, we downloaded data from
EuroStat on: Gross Domestic Product (GDP) of the country (2019), population density (2018),
percentage of people older than 64 years (2019), unemployment rate (2019) and percentage of obesity

(2014, to avoid missing values).
Statistical analysis

Mortality counts were analyzed with quasi-Poisson regression models - with log of population as an
offset - to model the death rate while accounting for over-dispersion. Models were fitted separately for
each of the food consumption groups. Due to the small number of countries included in the analyses,
we adjusted our models using the first principal component of a principal component analysis (PCA)
of the variables GDP, population density, percentage of people older than 64%, unemployment and
obesity (10).
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Results

Death rates in European countries

The death rate per million people in the European Union varies widely. There is a gradient between
Western countries with a high death rate and those North of the Alps or Balkans with a low (50-100
deaths per million) or very low (under 50/million) death rate. One exception is Sweden with a high

death rate (Figure 1).
Food intake in European countries

The intake of selected foods was given in g/day (Figure 1). Yoghurt and fermented milk are widely
consumed in most EU countries with no apparent difference between low and high-death rate
countries. Many countries have a low consumption of fermented sour milk. Only 4/17 countries have a
relatively high consumption and three have a low death rate. Sweden has a high consumption with a
high death rate. There are few data for probiotic milk but there appears to be no association with death

rates.

Fermented vegetables are mostly consumed in low death rate countries. Few countries consume

pickled/marinated vegetables but countries with a consumption of these foods have a low death rate.

Association between COVID-19 mortality and food intake at the country level

Of all the variables considered, including confounders, only fermented vegetables reached statistical
significance (unemployment was close to significance, with p-value 0.06) with COVID-19 death rate

per country (Table 3 and Figure 2).

For each g/day increase in consumption of fermented vegetables of the country, the mortality risk for
COVID-19 decreased by 35.4% (CI 95% -54.7, -7.5). Adjustment for the first principal component of
the confounders did not change the point estimate but it widened the confidence intervals, although the
association was still significant. The association with fermented vegetables was also significant if the

model was adjusted for unemployment instead of the first principal component.

Discussion

This study shows that in countries where fermented vegetables are highly consumed, death rates are

low. On the other hand, there was no statistical significance on percentage change (p-value > 0.05)
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with pickled/marinated vegetables or probiotic milk products and no correlation (percentage change

zero) with fermented sour milk and yoghurt.

Limitations

According to the Johns Hopkins coronavirus resource center (https://coronavirus.jhu.edu), one of the

most important ways of measuring the burden of COVID-19 is mortality. However, death rates are
assessed differently between countries and there are many biases that are almost impossible to control
(1). Using the rate of COVID-19 confirmed cases is subject to limitations. Differences in the
mortality rates depend on the characteristics of the health care system, the reporting method, whether
or not deaths outside the hospital have been counted and other factors, many of which remain
unknown. Countries throughout the world have reported very different case fatality ratios - the number
of deaths divided by the number of confirmed cases - but these numbers cannot be compared easily

due to biases.

It is very important to consider differences in food consumption within countries but this cannot be
studied using the EFSA database. As found in France, Spain and Italy, there are large regional
differences in death rates and it would be of interest to compare sub-national regions with the different

consumptions of fermented foods (1).

A limited number of countries have been studied due to the lack of information on food consumption,
and a definite conclusion cannot be made. The selection of confounding factors has been arbitrary and
more are needed. As in any ecological study, any inference from the observed association should be
made at the country level, as the possibility of ecological fallacy precludes inferences at the individual

level. Further testing in properly designed individual studies would be of interest.

Moreover, associations do not mean causality, and patterns of food consumption can be a proxy for

other undetermined factors.

Understanding the multiple factors that are likely to explain inter and intra-national geographical
variations will not be possible until indicators of the pandemic distribution have been improved and
properly-designed studies conducted. However, this study is of interest since it is the first to attempt to

link death rates with food consumption at a country level.

Interpretation

COVID-19, like most diseases, exhibits large geographical variations which frequently remain
unexplained despite abundant research (11). Though the more relevant factors are likely to be related

to intensity and timing of interventions (12), demographic factors, seasonal variations, immunity, and
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cross-immunity, other factors like environment or nutrition should not be overlooked. Our study
suggests that European countries with a lower COVID-19 mortality were more likely to exhibit a large

consumption of fermented foods.

Though our results don’t allow to infer causality, they do reinforce our a priory hypothesis that the
ingestion of fermented food may have reduced the severity of the COVID-19 due to its antioxidant
activity. Many foods have an antioxidant activity (3-5). Several foods can interact with transcription
factors related to antioxidant effects such as Nrf-2, (13). “Ancient foods”, and particularly those
containing Lactobacillus, activate Nrf2 (14). Effects of microbiome (15) and diet (1, 16) on SARS-
CoV-2 infection suggest that their role in the gut could be a target for COVID-19 interventions. Some
patients with COVID-19 have intestinal microbial dysbiosis with decreased probiotics such

as Lactobacillus and Bifidobacterium (17).

Our hypothesis is biologically plausible. Mechanisms underlying these results may be approached.
The increased severity of COVID-19 in diabetes, hypertension, obese or old age individuals may be
related to insulin resistance with oxidative stress as a common pathway (18, 19). SARS-CoV-2 binds
to the angiotensin converting enzyme II (ACE-2). The ACE-2 receptor is a part of the dual system —
the renin-angiotensin-system (RAS) - consisting of an ACE-Angiotensin-II-AT;R axis and an ACE-2-
Angiotensin-(1-7)-Mas axis. The AT;R axis is involved in most of the effects of Ang II, such as
oxidative stress generation (20). In metabolic disorders and with increased age, there is an
upregulation of the AT|R axis leading to pro-inflammatory and pro-fibrotic effects in the respiratory
system (21). The Nrf2 (nuclear factor erythroid 2 p45-related factor 2), a transcription factor that
protects against oxidative stress, may be involved in diseases associated with insulin-resistance (22-

24). Nrf2 activation may decrease the intensity of the cytokine storm seen in COVID-19 (25).

Against our expectations, we did not find an association between COVID-19 mortality and
consumption of fermented milk. Milk products also contain LABs (26, 27) but their protective effect
in diseases associated with insulin resistance is not easy to demonstrate. A large meta-analysis found
that the intake of probiotics resulted in minor but consistent improvements in several metabolic risk
factors in subjects with metabolic diseases, and particularly in insulin resistance (28). More studies are

needed to test whether other types of fermented foods show an association with COVID-19 severity.

The results of the study are of interest since we found that fermented milk is not associated with death
rates, in contradiction to traditional foods as was earlier proposed (1). This finding may be of
importance for the optimization of processed fermented foods in order to obtain either a spectrum of
LABs closer to traditional fermented foods and/or a level of daily consumption required to be

protective.
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Our study was restricted to European countries, so its results cannot be extrapolated to other regions.
However, other regions with low COVID-19 mortality also exhibit a large consumption of fermented
foods. In Asia, where the pandemia started, death rates are very low and the pandemia appears to be
under control. The same happened in Africa where the COVID-19 spread was predicted to be
catastrophic and death rates appear to be low. The climate and the low population density (as in rural
areas but not in megacities such as Cairo or Lagos) or the differences in health infrastructure are
unlikely to be the only explanation (29, 30). In Asia, fermented vegetables are highly consumed (31-
34). In Africa, a major food is manioc, usually obtained by the fermentation of cassava tubers (35). It
would be of great importance to confirm these data using food consumption in Asian countries and to

perform definitive epidemiologic and mechanistic studies to confirm the present paper.

If the hypothesis is proved, COVID-19 will be the first infectious disease epidemic whose biological
mechanisms are proved to be associated with a loss of “nature” (36). Imbalance in the gut microbiota
is associated with the pathogenesis of various disease types including allergy, asthma, rheumatoid
arthritis, different types of cancer, diabetes mellitus, obesity and cardiovascular disease (37).
Fermentation was introduced during the Neolithic age and was essential for the survival of human
kind. When modern life led to eating reduced amounts of fermented foods, the microbiome drastically
changed (38) and this may have facilitated SARS-CoV-2 to spread or to be more severe (39). The
latter would add to other mechanisms linking the COVID-19 with the ecological disruption of the
Anthropocene (40).

Thus, although this study is only indicative of the role of diet in COVID-19, it is however another
piece of the hypothesis proposing that traditional fermented foods may be involved in the prevention

of severe COVID-19 at a country level.

Acknoledgment + We would like to thank Manuel Moiiino for his help with and advice on the use of the
EFSA data


https://doi.org/10.1101/2020.07.06.20147025

medRxiv preprint doi: https://doi.org/10.1101/2020.07.06.20147025.this version posted July 7, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

References

1. Bousquet J, Anto J, Iaccarino G, Czarlewski W, Haahtela T, Anto A, et al. Is diet partly responsible for
differences in Covid-19 death rates between and within countries? Clin Transl Allergy. 2020.

2. Stafford N. Covid-19: Why Germany's case fatality rate seems so low. BMJ. 2020;369:m1395.

3. Jain S, Buttar HS, Chintameneni M, Kaur G. Prevention of Cardiovascular Diseases with Anti-
Inflammatory and Anti- Oxidant Nutraceuticals and Herbal Products: An Overview of Pre-Clinical and
Clinical Studies. Recent Pat Inflamm Allergy Drug Discov. 2018;12(2):145-57.

4. Razmpoosh E, Javadi M, Ejtahed HS, Mirmiran P. Probiotics as beneficial agents in the management of
diabetes mellitus: a systematic review. Diabetes Metab Res Rev. 2016;32(2):143-68.

5. Serino A, Salazar G. Protective Role of Polyphenols against Vascular Inflammation, Aging and
Cardiovascular Disease. Nutrients. 2018;11(1).

6. Zabetakis I, Lordan R, Norton C, Tsoupras A. COVID-19: The Inflammation Link and the Role of
Nutrition in Potential Mitigation. Nutrients. 2020;12(5).

7. Melini F, Melini V, Luziatelli F, Ficca AG, Ruzzi M. Health-Promoting Components in Fermented
Foods: An Up-to-Date Systematic Review. Nutrients. 2019;11(5).

8. Merten C, Ferrari P, Bakker M, Boss A, Hearty A, Leclercq C, et al. Methodological characteristics of
the national dietary surveys carried out in the European Union as included in the European Food Safety
Authority (EFSA) Comprehensive European Food Consumption Database. Food Addit Contam Part A
Chem Anal Control Expo Risk Assess. 2011;28(8):975-95.

9. Piorunek E, Satora S, Satora P. [Brines from sauerkraut fermentation as a thrdat for the environement.
Infrastructure and ecology of rural areas]. Polska Akademia Nauk, Oddzia? w Krakowie, Komisja
Technicznej Infrastruktury Wsi. 2011;7:189-98

10. Ver Hoef JM, Boveng PL. Quasi-Poisson vs. negative binomial regression: how should we model
overdispersed count data? Ecology. 2007;88(11):2766-72.

11.Sunyer J, Jarvis D, Pekkanen J, Chinn S, Janson C, Leynaert B, et al. Geographic variations in the effect
of atopy on asthma in the European Community Respiratory Health Study. J Allergy Clin Immunol.
2004;114(5):1033-9.

12.Kissler SM, Tedijanto C, Goldstein E, Grad YH, Lipsitch M. Projecting the transmission dynamics of
SARS-CoV-2 through the postpandemic period. Science. 2020.

13.1ddir M, Brito A, Dingeo G, Fernandez Del Campo SS, Samouda H, La Frano MR, et al. Strengthening
the Immune System and Reducing Inflammation and Oxidative Stress through Diet and Nutrition:
Considerations during the COVID-19 Crisis. Nutrients. 2020;12(6).

14.Senger DR, Li D, Jaminet SC, Cao S. Activation of the Nrf2 Cell Defense Pathway by Ancient Foods:
Disease Prevention by Important Molecules and Microbes Lost from the Modern Western Diet. PLoS
One. 2016;11(2):e0148042.

15.Kalantar-Zadeh K, Ward S, Kalantar-Zadeh K, EI-Omar E. Considering the effects of microbiome and
diet on SARS-CoV-2 infection: nantechnology roles. ACSNano. 2020:in press.

16.Bousquet J, Czarlewski W, Blain H, Zuberbier T, Anto J. Rapid Response: Why Germany’s case
fatality rate seems so low: Is nutrition another possibility. bmj.
2020;https:// www.bmj.com/content/369/bmj.m1395/rr-12.

17.Xu K, Cai H, Shen Y, Ni Q, Chen Y, Hu S, et al. [Management of Corona Virus disease-19 (COVID-
19): The Zhejiang Experience]. Zhejiang Da Xue Xue Bao Yi Xue Ban

. 2020;49.

18.Houstis N, Rosen ED, Lander ES. Reactive oxygen species have a causal role in multiple forms of
insulin resistance. Nature. 2006;440(7086):944-8.

19.Hurrle S, Hsu WH. The etiology of oxidative stress in insulin resistance. Biomed J. 2017;40(5):257-62.

20.Wen H, Gwathmey JK, Xie LH. Oxidative stress-mediated effects of angiotensin II in the
cardiovascular system. World J Hypertens. 2012;2(4):34-44.

21.Dalan R, Bornstein SR, El-Armouche A, Rodionov RN, Markov A, Wielockx B, et al. The ACE-2 in
COVID-19: Foe or Friend? Horm Metab Res. 2020;52(5):257-63.

22.Uruno A, Yagishita Y, Yamamoto M. The Keap1-Nrf2 system and diabetes mellitus. Arch Biochem
Biophys. 2015;566:76-84.

23.Vasileva LV, Savova MS, Amirova KM, Dinkova-Kostova AT, Georgiev MI. Obesity and NRF2-
mediated cytoprotection: Where is the missing link? Pharmacol Res. 2020;156:104760.



https://doi.org/10.1101/2020.07.06.20147025

medRxiv preprint doi: https://doi.org/10.1101/2020.07.06.20147025.this version posted July 7, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

24.Guo Z, Mo Z. Keap1-Nrf2 signaling pathway in angiogenesis and vascular diseases. J Tissue Eng
Regen Med. 2020;14(6):869-83.

25.McCord JM, Hybertson BM, Cota-Gomez A, Gao B. Nrf2 Activator PB125(R) as a Potential
Therapeutic Agent Against COVID-19. bioRxiv. 2020.

26.Fardet A, Rock E. In vitro and in vivo antioxidant potential of milks, yoghurts, fermented milks and
cheeses: a narrative review of evidence. Nutrition Res Rev. 2018;31(1):52-70.

27.Shiby VK, Mishra HN. Fermented milks and milk products as functional foods--a review. Crit Rev
Food Sci Nutr. 2013;53(5):482-96.

28.Koutnikova H, Genser B, Monteiro-Sepulveda M, Faurie JM, Rizkalla S, Schrezenmeir J, et al. Impact
of bacterial probiotics on obesity, diabetes and non-alcoholic fatty liver disease related variables: a
systematic review and meta-analysis of randomised controlled trials. BMJ Open. 2019;9(3):e017995.

29. Adekunle IA, Onanuga AT, Akinola OO, Ogunbanjo OW. Modelling spatial variations of coronavirus
disease (COVID-19) in Africa. Sci Total Environ. 2020;729:138998.

30.Rosenthal PJ, Breman JG, Djimde AA, John CC, Kamya MR, Leke RGF, et al. COVID-19: Shining the
Light on Africa. Am J Trop Med Hyg. 2020.

31.Azam M, Mohsin M, Ijaz H, Tulain UR, Ashraf MA, Fayyaz A, et al. Review - Lactic acid bacteria in
traditional fermented Asian foods. Pak J Pharm Sci. 2017;30(5):1803-14.

32.Battcock M, Azam-Alie S. Fermented frutis and vegetavbles. A global perspecrtive. FAO Agricultural
Services Bulletin I---, editor. Rome1998.

33.Patra JK, Das G, Paramithiotis S, Shin HS. Kimchi and Other Widely Consumed Traditional Fermented
Foods of Korea: A Review. Front Microbiol. 2016;7:1493.

34.Rhee SJ, Lee JE, Lee CH. Importance of lactic acid bacteria in Asian fermented foods. Microb Cell
Fact. 2011;10 Suppl 1:S5.

35.Agyei D, Owusu-Kwarteng J, Akabanda F, Akomea-Frempong S. Indigenous African fermented dairy
products: Processing technology, microbiology and health benefits. Crit Rev Food Sci Nutr.
2020;60(6):991-1006.

36.Haahtela T, von Hertzen L, Anto JM, Bai C, Baigenzhin A, Bateman ED, et al. Helsinki by nature: The
Nature Step to Respiratory Health. Clin Transl Allergy. 2019;9:57.

37.Vandana UK, Barlaskar NH, Gulzar ABM, Laskar IH, Kumar D, Paul P, et al. Linking gut microbiota
with the human diseases. Bioinformation. 2020;16(2):196-208.

38.McCall LI, Callewaert C, Zhu Q, Song SJ, Bouslimani A, Minich JJ, et al. Home chemical and
microbial transitions across urbanization. Nat Microbiol. 2020;5(1):108-15.

39.Haahtela T, Anto J, Bousquet J. Slow Health Catastrophe of Homo urbanicus 7] Loss of Resilience.
Porto Med J. 2020.

40.0’Callaghan C, Anto J. COVID-19: The Disease of the Anthropocene. Env Res 2020;187:109683.doi:
10.1016/j.envres.2020.. Epub 2020 May 15.

10


https://doi.org/10.1101/2020.07.06.20147025

medRxiv preprint doi: https://doi.org/10.1101/2020.07.06.20147025.this version posted July 7, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Table 1: Foods tested

Exposure hierarchy  Exposure hierarchy Exposure hierarchy  Exposure hierarchy N N
(L1) (L2) (L3) (L4) countries subjects
Milk and dairy Fermented milk or Fermented milk Traditional sour milk

products cream products products 17 33,279

Probiotic milk-like

drinks 9 16,474
Yoghurt 22 40,143
Vegetables and Processed or Fermented or Fermented vegetables
vegetable products  preserved vegetables  pickled vegetables
and similar 17 (+1) 33,816
Pickled vegetables 17 33,749

For fermented vegetables, Polish data were obtained from other sources

11
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Table 2: Origin (survey and year) of consumption data obtained from the EFSA Comprehensive

European Food Consumption database

Fermented | Fermented | Yoghurt | Probiotic | Marinated
vegetables | sour milk milk vegetables
Austria 2014 AT-NATIONAL-2016 + + + +
Belgium 2014 NATIONAL-FCS-2014 + + + + +
Croatia 2011 NIPNOP-HAH-2011-2012 + + + + +
Czech Republic | 2003 SISP04 + + + + +
Denmark 2013 DANSDA 2005-08 + +
Estonia 2013 DIET-2014-EST-A + + + + +
Finland 2012 FINDIET2012 + + + +
France 2014 INCA3 + + + + +
Germany 2007 NATIONAL NUTRITION SURVEY Il | + + +
Greece 2014 GR-EFSA-LOT2 2014-2015 + + +
Hungary 2003 NATIONAL REPR SURV + + +
Ireland 2008 NANS 2012 + + +
Italy 2005 INRAN SCAI 2005-06 + ¥ "
Latvia 2012 | LATVIA_2014 + + + +
Netherlands 2012 FCS2016_CORE + + + + +
Portugal 2015 IAN.AF 2015-2016 + + + + +
Romania 2012 DIETA PILOT ADULTS + + + +
Slovenia 2017 SI.LMENU-2018 + + + +
Spain 2013 ENALIA2 + + + + +
Sweden 2010 RIKSMATEN 2010 + + + + +
United 2008 NDNS ROLLING PROGRAMME + + +
Kingdom YEARS 1-3
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Table 3. Percentage change in COVID-19 death risk (with 95% confidence intervals (Cl)) as a

function of food group consumption.

Crude Adjusted®
Percentage change Percentage change
p-value p-value
(95% Cl) (95% Cl)

Fermented vegetables (g/day)  -35.4 (-52.9,-11.4) 0.016 -35.2 (-54.7, -7.5) 0.032

Fermented sour milk (g/day) -0.0(-4.3,4.5) 0.991 -0.0(-4.5, 4.6) 0.991
Yoghurt (g/day) -0.0(-1.8,1.7) 0.972 0.0 (-1.8, 1.9) 0.986
Probiotic milk (g/day) 5.1(-10.2,23.0)  0.552 8.3(-8.8, 28.5) 0.393

Marinated vegetables (g/day) -28.2 (-65.6,50.0) 0.391 -31.0(-84.9,2154) 0.639

* adjusted for the first principal component of a principal component analysis that included the variables: GDP,
population density, percentage of population over 64 years, percentage of obesity and percentage of
unemployment.

Estimations for each diet variable come from a different model.
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Figure 1: COVID-19 death rate and consumption of foods in European Union countries
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Figure 2. Raw data and estimated relationship between country death rates for COVID-19 and

consumption of fermented vegetables (g/day) using the quasi-Poisson regression model.

o [ ]

D__.
e ©
ko]
©
- o ®
a o -
o ©
o
c
2
= o
E 2 7
L
o
(=N
L o
T
i
o

L ]
D_
I | | I
0 5 10 15

Fermented vegetables (g/day)

15


https://doi.org/10.1101/2020.07.06.20147025

medRxiv preprint doi: https://doi.org/10.1101/2020.07.06.20147025.this version posted July 7, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Figure 1: COVID-19 death rate and consumption of foods in European Union countries
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Figure 2. Raw data and estimated relationship between countries’ death rate for COVID-19 and

consumption of fermented vegetables (g/day) using quasi-Poisson regression model.
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