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Abstract

Reported COVID-19 deaths in Germany are relatively low as compared to many European
countries. Among the several explanations proposed, an early and large testing of the
population was put forward. Most current debates on COVID-19 focus on the differences
among countries, but little attention has been given to regional differences and diet. The
low-death rate European countries (e.g. Austria, Baltic States, Czech Republic, Finland,
Norway, Poland, Slovakia) have used different quarantine and/or confinement times and
methods and none have performed as many early tests as Germany. Among other factors
that may be significant are the dietary habits. It seems that some foods largely used in these
countries may reduce angiotensin-converting enzyme activity or are anti-oxidants. Among
the many possible areas of research, it might be important to understand diet and
angiotensin-converting enzyme-2 (ACE2) levels in populations with different COVID-19 death
rates since dietary interventions may be of great benefit.
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Background

This commentary paper [1] considers why some European countries have much lower death
rates from COVID-19 than other countries. The countries with notable low death rates
include Austria, the Baltic States, Czech Republic, Finland, Norway, Poland, Slovakia and
Germany. Of course, there could be a number of plausible reasons including the early and
wide-scale testing adopted by Germany or some of the different approaches to quarantine
adopted by the other countries in this list. Large differences in death rates exist within a
country as well and, for example, whilst Bavaria started the earliest testing it remains the
most affected region within Germany. However, the fact that these countries, and regions

within, may have different dietary habits to countries and regions with higher death rates



has been largely overlooked. It is increasingly being recognised that COVID symptoms are
more prevalent and worse in people with sub-clinical inflammatory conditions such as
obesity and type 2 diabetes [2] and there is some indication that vitamin D insufficiency may
also be associated with an increased risk [3]. However, it could be that these countries with
lower death rates from the virus may have specific dietary habits which may be protective.
The authors of the commentary paper suggest that this may indeed be the case. This review
will outline some of their theories in the context of our wider knowledge and the supporting

evidence base.

Obesity as a starting point

The fact that obesity is a recognised risk factor for mortality does suggest that nutritional
status may be an important factor in COVID-19 risk severity. Both obesity and type 2
diabetes have insulin resistance and impaired lipid metabolism as common features which
lead to increased oxidative stress and inflammation [4]. Many foods have some level of anti-
oxidant activity, particularly fruit and vegetables. Some dietary components have both anti-
oxidative and anti-inflammatory properties and an example is resveratrol, a natural
polyphenol found in red wine, rhubarb, fruits such as blue berries, cranberries, red grapes,
and also in peanuts. From in vitro work it has been shown that resveratrol can significantly
prevent Middle East Respiratory Syndrome coronavirus (MERS-CoV) and also prolong cellular
survival after infection [5].

Dietary fatty acids, and particularly the omega-6 to omega-3 ratio, may influence the
immune response in different situations with omega-3 polyunsaturated fatty acids (PUFAs)
generally exhibiting a protective effect. For example, the airway epithelium is the first line of
defence in the respiratory system and docosahexaenoic acid (DHA) supplementation has
been shown to decrease pro-inflammatory cytokine production from the airway epithelium
in the presence of an underlying inflammatory condition [6]. Supplements of omega-3 PUFAs
may also help to reduce barrier permeability, mucus production and oxidative stress whilst
improving healing in inflammatory conditions [7]. Qily fish and some vegetable oils are the

best dietary sources of omega-3 PUFAs.

Angiotensin-converting enzyme 2 (ACE2)



An imbalance in ACE2 activation pathways may lead to an inflammatory response in people
with diabetes [8]. ACE2 has a number of physiological roles including the receptor for SARS-
CoV and SARS-CoV-2 and thus represents the main entry point for the coronavirus into cells
[9]. Some genetic differences in ACE have been reported as being associated with
susceptibility to vascular disease in the Asian population [10].

Of interest is that dietary patterns can influence ACE levels with circulating levels in the
blood being very sensitive to food intake. ACE inhibitors can be found in food proteins of
various origins. Peptides possessing ACE inhibitory activity have been found in milk, eggs,
fish, meat, and plants with milk and dairy proteins having significant inhibitory activity [11].
Fermentation, using different live microorganism cultures, increases ACE inhibitory
properties in a number of foods [12]. In contrast, a high saturated fat diet may increase ACE

levels in some individuals [13].

So could diet be partly responsible for differences in COVID-19 death rates between and
within countries?

Certainly people in the southern region of Germany, where the mortality rates are higher,
traditionally have a higher fat diet compared to people in the northern states. Fermented
food products with potent anti ACE activity are consumed in a number of European
countries with reduced COVID severity. Fermented milk is frequently consumed in Bulgaria
and fermented cabbage in Romania. People in Turkey consume both fermented milk and
cabbage products. All three countries have relatively low mortality rates from COVID [1].

The easy availability to a wide range of processed foods of poor nutritional quality in a
number of the countries and regions with a higher level of mortality may be a contributory
factor for a number of reasons. Not only does this level of availability increase the risk of
obesity but also highly processed, fibre-depleted foods have a negative effect on the gut
microbiome. In contrast, probiotics can have a beneficial effect on maintaining a healthy
intestinal or lung microbiota. A number of studies have used probiotic supplementation to
prevent or treat respiratory tract infections and the potential role of both probiotics and
prebiotics for the prevention and treatment of COVID-19 is being investigated [14]. Of
course, fermented food products are often sources of a range of these potentially beneficial
live microorganisms.

In conclusion, dietitians are well placed to consider whether dietary differences both

between and within countries may contribute to the severity of the COVID-19 virus and from



a public health perspective, key nutritional messages may be of importance going forward

both in the treatment and the management of the disease.

Disclosure Statement
XXX

Correspondence: Dr Amanda Avery, PhD RD, Division of Food, Nutrition & Dietetics,
University of Nottingham, Sutton Bonington Campus, Leicestershire, LE12 5RD, UK,
amanda.avery@nottingham.ac.uk

References

1. Bousquet J, Anto JM, Laccarino G, et al.: Is diet partly responsible for differences in
COVID-19 death rates between and within countries? Clin Transl Allergy. 2020;10:16.

2. Simonnet A, Chetboun M, Poissy J, et al.: High prevalence of obesity in severe acute

respiratory syndrome coronavirus-2 (SARS-CoV-2) requiring invasive mechanical ventilation.
Obesity. 2020;28:1195-1199.

3. Lewis PJ: Rapid response to Sixty seconds on vitamin D. BMJ 2020;371: bmj.m3872.
4, Gianchandani R, Esfaniari NH, Ang L, et al.: Managing hyperglycemia in the COVID-19
inflammatory storm. Diabetes 2020;69 (10):2048-2053.

5. Lin SC, Ho CT, Chuo WH, et al.: Effective inhibition of MERS-CoV infection by
resveratrol. BMC Infect Dis. 2017;17(1):144.
6. Saedisomeolia A, Wood LG, Garg ML, et al.: Anti-inflammatory effects of long-chain

n-3 PUFA in rhinovirus-infected cultured airway epithelial cells. Br. J. Nutr. 2009;101:533—-
540.

7. Radzikowska U, Rinaldi AO, Celebi Sozener Z, et al.: The influence of dietary fatty
acids on immune responses. Nutrients. 2019;11(12):2990.

8. Cuschieri S, Grech S: COVID-19 and diabetes: The why, the what and the how. J
Diabetes Complications. 2020;34(9):107637.

9. Gheblawi M, Wang K, Viveiros A, et al.: Angiotensin converting enzyme 2: SARS-CoV-2
receptor and regulator of the renin-angiotensin system. Circ Res. 2020;126:1456-1474.
10. Han C, Han XK, Liu FC, et al.: Ethnic differences in the association between

angiotensin-converting enzyme gene insertion/deletion polymorphism and peripheral
vascular disease: a meta-analysis. Chronic Dis Transl Med. 2017;3(4):230-241.

11. Iwaniak A, Minkiewicz P, Darewicz M: Food-originating ACE inhibitors, including
antihypertensive peptides, as preventive food components in blood pressure reduction.
Comprehens Rev Food Sc Food safety. 2014;13(2):111-134.

12. Nahariah N, Legowo AM, Abustam E, et al.: Angiotensin I-converting enzyme inhibitor
activity on egg albumen fermentation.” Asian-Australas J Anim Sci. 2015;28(6):855-861.

13. Schuler R, Osterhoff MA, Frahnow T, et al.: High-saturated-fat diet increases
circulating angiotensin-converting enzyme, which is enhanced by the rs4343 polymorphism
defining persons at risk of nutrient-dependent increases of blood pressure. ] Am Heart
Assoc. 2017;6(1):e004465.

14. Olaimat AN, Aolymat I, Al-Holy M, et al.: The potential application of probiotics and
prebiotics for the prevention and treatment of COVID-19. npj Sci Food 2020;4:17.



