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1. Abstract
The COVID-19 pandemic has caused great harm to people around the world. This article explores the relationship 
between healthy diets and the fatality rate of COVID-19 from the perspective of healthy diets. This article collects 
data from Kaggle, pre-processes and standardizes it, conducts principal component analysis(PCA), divides it into five 
different dietary patterns(The contribution rate of these five dietary patterns is 72.917%, which can be interpreted as 
the principal component), and then constructs a multiple linear regression model. In the construction of this model, this 
article uses the idea of stepwise regression to remove variables that are not significant, leaving the parameters of the first 
and second principal components significantly non-zero. The results show that the estimated value of the parameter for 
the first dietary pattern in linear regression is 0.013, whereas the estimated value of the parameter for the second dietary 
pattern in linear regression is -0.005. Vegetable oils and vegetable products are negatively correlated with the fatality 
rate of COVID-19, while starchy root foods and animal products are positively correlated with it. Finally, the conclusion 
is drawn: In normal meals, it is more important to pay attention to the intake of vegetable foods, and try to ensure that 
the intake of meat foods should also be accompanied by a large amount of different types of vegetables. In the process 
of cooking, try to use vegetable oils such as soybean oil, olive oil, etc., which contain a lot of vitamin E and unsaturated 
fatty acids. For starchy root foods and certain high-protein, high-fat animal products, try to eat less in life. On the 
premise of ensuring good eating habits, it will have a good protective effect on COVID-19.
Keywords: healthy diets, regression model, stepwise regression

2. Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was first reported from the Huanan seafood 
market in Wuhan, Hubei province, China [1]. It has now 
affected over 164 million people worldwide, with nearly 
3.5 million deaths reported globally as of May 18, 2021. 
SARS-CoV-2 has rapidly spread across the world as a 
result of the efficient human-to-human transmission [2]. 
So how to improve the immune system, that is, how to 
enhance the ability to resist the SARS-CoV-2s, is the key 
topic of this research.
Interestingly, the risk of developing SARS-CoV-2 varies 
between countries [3]. Not only the fatality rate, there are 
noticeable differences in fatality rates among countries 
having raised the question of whether COVID-19 is in-
fluenced by cultural factors such as nutrition and healthy 
dietary habits [3].  These kinds of habits are called the 
recommended dietary pattern. The recommended dietary 
pattern involves eating more plant-based food and less 

animal-based food [3]. For instance, it recommends eating 
at least 200 g of vegetables, 200 g of fruit, 15 g of unsalt-
ed nuts, 90 g of brown bread, whole-grain bread, or other 
whole-grain products, and taking few portions of dairy 
produce daily while limiting the consumption of red meat, 
particularly processed meat, and minimizing the consump-
tion of sugar-containing beverages [4]. This article mainly 
considers alcoholic beverages, animal fats, nuts, cereals, 
fish, meat, starches, dairy products, sugars, fruit catego-
ries, vegetable categories, and egg categories to research 
the fatality rate of SARS-CoV-2.
Early in the SARS-CoV-2 pandemic, the fatality of 
SARS-CoV-2 was notably selective for the elderly and 
those with chronic diseases such as hypertension, diabe-
tes, Alzheimer’s, and cardiovascular diseases [5]. These 
diseases are mostly related to healthy diets in their daily 
life. Therefore, eating excessive animal fats makes it more 
likely to suffer from hypertension and diabetes, and thus 
the fatality of COVID-19 is stronger. However, the cor-
relation between healthy diets and fatality and recovery 
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from COVID-19 is obscure. This correlation may include 
other potential factors, like whether these people are 
alcoholics or lack of fruits and vegetables, etc. Dietary 
patterns’ influence on recovery from infectious diseases 
in general has been investigated in previous studies but 
is not well documented [6]. Very few studies have been 
conducted to investigate the association between diet and 
fatality or recovery rates in some countries. So this article 
has opened up a completely new perspective: linking the 
fatality rate of COVID-19 with people’s usual daily eating 
habits and dividing them into several parts using principal 
component analysis, which is also a major new field in 
treating and resisting COVID-19, and also, it eliminates 
the influences on potential factors in some degrees. In the 
data set of this article, it shows the proportion of different 
types of food consumed by people in 170 countries, as 
well as fatality and recovery rates. Therefore, by studying 
the nutritional composition of those countries that have 
done a good job in epidemic prevention (countries with 
a lower fatality rate and a higher cure rate), the dietary 
structure can be modified and improved.
While countries around the world are actively research-
ing and developing vaccines and effective drugs for 
COVID-19, the COVID-19 pandemic has resulted in 
behavioral changes in food purchasing and consumption; 
people panic, and overstock food supplies as they fear 
food insecurity [7]. So Some people started to have a 
healthy and balanced diet to maintain the correct nutrition 
status and reduce health risks [3].

3. Materials and Methods
3.1 Data collection and cleaning
This article utilizes data sourced from the Kaggle web-
site(COVID-19 Healthy Diet Dataset (kaggle.com)), 
which includes information on 170 countries regarding 
the proportions of obesity or undernourishment related 
to various foods, as well as death and recovery rates. 
The data used in this article is from the third dataset in 
its dataset (Food_Supply_Quantity_kg_Data.csv). This 
data for different food group supply quantities, nutrition 
values, obesity, and undernourished percentages are ob-
tained from Food and Agriculture Organization of the 
United Nations FAO website (https://www.fao.org/home/
en), and data for population count for each country comes 
from Population Reference Bureau PRB website(https://
www.prb.org/), Data for COVID-19 confirmed, deaths, 
recovered and active cases are obtained from Johns Hop-
kins Center for Systems Science and Engineering CSSE 
website (https://systems.jhu.edu/). The USDA Center for 
Nutrition Policy and Promotion Diet intake guideline in-
formation is found in ChooseMyPlate.gov (http://www.

foodpyramid.com/myplate/).
To ensure that the data can be directly used in subsequent 
models, the data should be cleaned. First, delete the vari-
ables(Aquatic Products, Other, Miscellaneous, Offal, 
Oilcrops, Pulses, Spices, Stimulants, Obesity, Undernour-
ished) that are not needed for the study. Then, in order to 
eliminate the impact of dimensionality on the experiment, 
each variable that needed to be studied should be stan-
dardized. This standardization process helps enhance the 
effectiveness of subsequent model building and improves 
the accuracy of model fitting.

3.2 Dietary patterns
Due to the complexity of handling 15 variables, SPSS 
statistical software(IBM SPSS Statistics 25.0) was used 
to conduct principal component analysis (PCA) on these 
variables. This method successfully reduces the correla-
tions between the 15 variances,  and correlations between 
the variables were computed, and the Kaiser-Meyer-Olkin 
(KMO) and Bartlett’s tests were performed. The KMO 
test statistic is an indicator used to compare the simple 
correlation coefficients and partial correlation coefficients 
between variables. The rationale behind its test is that if 
there are indeed common factors present in the original 
data, the partial correlation coefficients between variables 
should be small. In such cases, the KMO value approach-
es 1, indicating that the original data is suitable for factor 
analysis. The chi-square approximation value of Bartlett 
test of sphericity refers to the chi-square statistic calculat-
ed during the testing process, which is used to measure the 
difference between the sample data and a spherical distri-
bution. The 15 variables were categorized into 5 dietary 
patterns for study. Through the eigenvalues and eigenvec-
tors of these five principal components, linear combina-
tions of the 15 variables were derived for each dietary pat-
tern. The corresponding coefficients can be calculated by 
dividing the component matrix by the square root of their 
respective eigenvalues. Finally, the magnitudes of the pa-
rameters in these linear combinations determined that the 
5 principal components roughly represented the relevant 
factors among the 15 variables, achieving a simplification 
effect.

3.3 Linear regression and hypothesis testing
To explore the effects of these five dietary patterns on 
COVID-19, the R language(4.3.3) is used to establish 
a multiple linear regression model. Using these five di-
etary patterns as independent variables and the fatality 
rate of COVID-19 as the dependent variable, a multiple 
linear regression model is constructed. The relationship 
between each of these five independent variables and the 
COVID-19 fatality rate is determined by the positive or 
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negative sign of the corresponding parameter, which is a 
good way to identify the correlation between the indepen-
dent variables and dependent variables. In order to assess 
the overall goodness-of-fit of the fitted model and the 
significance of the parameters corresponding to the five 
independent variables, the F-statistic and t-statistic respec-
tively conduct hypothesis testing on the overall fit and the 
significance of individual parameters. When not all pa-
rameters are significant, this paper employs the method of 
stepwise regression to eliminate the insignificant variables, 
which can also mitigate the impact of multicollinearity in 
the model. Generally speaking, bidirectional elimination is 
considered one of the best approaches for stepwise regres-
sion. Its principle is roughly an improvement on the basic 
approach. After introducing a variable, this model should 
be examined whether this variable significantly alters. If 
there is a significant change, the t-test is conducted on all 
variables. If a previously introduced variable no longer 
shows significant change due to the addition of a subse-
quent variable, it is removed. This process ensures that 
only significant variables are included in the regression 
equation before introducing a new variable. The process 
continues until no more significant explanatory variables 
can be selected for inclusion in the regression equation, 
and no insignificant explanatory variables remain to be re-
moved. Eventually, an optimal set of variables is obtained.

4. Results
In the dataset, it conducts descriptive statistics on 15 vari-
ables and the recovery rate and fatality rate of 162 coun-
tries (8 countries were excluded due to missing values in 
their variables). After standardization, a principal com-
ponent analysis should be performed on the 15 variables 
to obtain their component matrix and the total variance 
explained.

4.1 Explanatory data analysis
It can be concluded from Table 1 that the recovery rate 
and fatality rate in this data, as well as the fifteen variable 
units, are all between 0 and 1, so there are no outliers or 
missing values in the data.

4.2 Correlation matrix and Bartlett test
As shown in Figure 1 there is a correlation between vari-
ables. For example, the correlation between the third and 
ninth variables is almost 1, while the correlation between 
the third and fifteenth variables is approximately -1, etc. 
Therefore, there is a strong correlation between these 15 
variables, which requires further analysis through princi-
pal component analysis to eliminate their multicollinear-
ity. In the Bartlett test, the significance is 0.000, so it can 
be concluded from these two aspects that the dataset is 

suitable for principal component analysis.

4.3 Total variance explained and component 
parameters
According to the PCA, these fifteen variables are divided 
into five principal components, as their cumulative vari-
ance contribution rate reaches 72.917, which is sufficient 
to represent the entire set of variables using these five 
principal components. 
After concluding the results, the five dietary patterns(Table 
2) are: eating more animal products and fewer vegetable 
foods; regularly using vegetable oil and not eating starchy 
root foods; regularly drinking alcoholic beverages, fish, 
and seafood, and eating fewer vegetables; eating less ce-
real, eating more vegetables, and eat more tree nuts and 
fewer fruits.

4.4 linear regression and stepwise regression
From the initial linear regression model, only the param-
eters of the first principal component and intercept term 
were significant in this regression model, so stepwise 
regression was used to extract the first, second, and third 
principal components, while the remaining variables were 
eliminated and then subjected to multiple linear regression 
with the dependent variable.
In the stepwise regression(Table 3), the overall regression 
effect is very good(p-value=0.0000), the first and sec-
ond principal components are significantly better(p-val-
ue=0.0000,0.0173 respectively), and from the fitted 
image(Figure (2,3)) the first and second principal compo-
nents have better effects. So the first and second principal 
components should be mainly studied.
The first principal and second components are dietary pat-
terns named “eating more animal products and fewer veg-
etable foods” and “regularly using vegetable oil and eating 
starchy root foods in moderation”. It is found that when 
this multiple linear regression analysis is performed on it, 
the coefficient of the first principal component is positive, 
while the coefficient of the second principal component is 
negative. Therefore, it can be concluded that the first di-
etary pattern will increase the fatality of COVID-19, while 
the second dietary pattern will alleviate its symptoms.

5. Discussion
In the discussions of the experimental results presented 
in this article, there are significant consistencies with 
existing research. The 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 [8].” 
Here, PBDs will be defined as those that minimize the 
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consumption of animal products while prioritizing plant-
based foods, particularly fruits, vegetables, whole grains, 
legumes, and nuts [9]. So in a case-controlled study of 
healthcare workers across six countries found a 73% or 
59% reduction in the risk of severe COVID-19 in those 
consuming either a PBD or PBD/pescatarian diet [10]. 
And there is another research exploring the correlation 
between vegetables and COVID-19 recovery time, the 
vegetables comprised the only food group that showed a 
significant effect on recovery from COVID-19 in coun-
tries [11]. These items are sources of glutathione, an 
antioxidant tripeptide, in addition to vitamin C, mainly 
citrus fruits, broccoli, tomatoes, and leafy greens [12, 
13]. Moreover, vegetable oils presented significant con-
tributions in most countries, where there was a greater 
consumption of oils, which are mainly composed of un-
saturated fatty acids (rapeseed oil, sunflower oil) [11]. 
There was also a large consumption of soybean and olive 
oils in some countries [11]. The aforementioned vegetable 
oils are important sources of vitamin E (a-tocopherol) [14]; 
soybean or rapeseed oils are particularly important sourc-
es of omega-3 unsaturated fatty acids (a-linolenic acid) 
[11]. Another factor is the correlation between vitamin 
D deficiency and the fatality of COVID-19. Vitamin D 
receptors are present in many immune cells and modulate 
the response to viral lung diseases. Vitamin D is thus an 
important factor in protection against infectious respirato-
ry diseases and plays an important role in the prevention 
of COVID-19 [15]. So there is research searching the re-
lationship between vitamin D and COVID-19 morbidity, 
severity, and mortality. That research indicates vitamin D 
plays an important immunomodulatory role in the innate 
and adaptive immune systems [16]. One of its most im-
portant functions is the downregulation of pro-inflamma-
tory cytokines, such as interleukin (IL)-1, IL-6, IL-8, IL-
12, and tumor necrosis factor (TNF)-α [17]. Moreover, 
vitamin D level was inversely correlated with the clinical 
outcomes of COVID-19, independent of inflammatory 
markers (e.g., IL-6 and C-reactive protein [CRP]), age, or 
the presence of major comorbidities such as obesity, dia-
betes, and hypertension. In another study, from Los An-
geles, vitamin D deficiency was identified as a risk factor 
for positive COVID-19 tests [18]. The authors of a study 
from Cincinnati found some correlations between vitamin 
D deficiency and hospitalization, disease severity, and 
death among patients in primary care and specialist clinics 
[15]. These conclusions are in line with those of previous 
studies[19, 20]. Starchy root foods such as sweet potatoes 
and cassava usually do not contain vitamin D, especially 
in the nutritional content table of potato starch, where the 
vitamin D content is nearly 0 micrograms, this directly 
explains that a large amount of starchy root foods in this 

article can lead to vitamin D deficiency, which can lead to 
an increase in the fatality rate of COVID-19, which is also 
consistent with the conclusion of this article.
A few meta-analyses additionally reported a significant 
(two- to threefold) increase in fatality in people with di-
abetes and COVID-19 [21]. Animal products, especially 
their offal, and fatty tissues have a lot of fat and choles-
terol, and eating too much of them can increase the risk 
of diabetes. In the obesity and Type 2 diabetes mellitus 
fields, it is proven that mouse models have proven invalu-
able in the basic science of the diseases by identifying the 
roles of inflammation, insulin resistance, fat content of the 
diet, pAMPK, exercise, and potential treatments [22]. In 
addition, and very importantly, what has been learned 
from the mouse models has faithfully been carried over 
into the human patients [23]. These physiological similari-
ties between the two species are due to the genetic homol-
ogy between the two species [24]. So this mouse model 
indicates potentially that animal products are bad for the 
cure for COVID-19.
This model clearly identified the correlation between the 
fatality rate of COVID-19 and healthy diets, and to elim-
inate the multicollinearity, PCA is used, classifying the 
dietary patterns and simplifying this model, which was a 
good way to analyze these kinds of problems. However, 
in this model, this analysis did not notice the impacts on 
other different aspects (continents, ethnicities, ages, etc).

6. Conclusion
In this article, a regression analysis was conducted on the 
five dietary patterns extracted from the eating habits of 
different countries and the corresponding COVID-19 mor-
tality rates in these countries. It was found that eating too 
many animal products and starchy root products can pro-
mote the mortality rate of COVID-19 while using vegeta-
ble oils and eating more vegetable products can alleviate 
the symptoms of COVID-19.
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Table 1: Explanatory data analysis of the variables studied(There is no standardization)
Number Minimum Maximum Average Variance

AlcoholicBeverages 162 0 15.37 3.0397 5.708
Animalfats 162 0.0018 1.3559 0.221723 0.078

AnimalProducts 162 1.7391 26.8865 12.171808 35.13
CerealsExcludingBeer 162 3.4014 29.8045 11.819564 34.738

Eggs 162 0.0239 1.696 0.466422 0.113
FishSeafood 162 0.0342 8.7959 1.33766 1.434

FruitsExcludingWine 162 0.6596 19.3028 5.657533 10.372
Meat 162 0.356 8.17 3.316145 3.027

MilkExcludingButter 162 0.0963 20.8378 6.618765 25.603
StarchyRoots 162 0.6796 27.7128 5.404408 32.309

SugarSweeteners 162 0.3666 9.7259 2.797319 2.398
Treenuts 162 0 0.8 0.118 0.022

VegetableOils 162 0.0915 2.2026 0.852935 0.203
Vegetables 162 0.857 19.2995 6.047441 12.845

VegetalProducts 162 23.1132 48.2585 37.824711 35.134
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Table 2: Five principal components and the parameters corresponding to each variable
Principal component

coefficient 1 2 3 4 5

AlcoholicBeverages 0.21 -0.26 0.32 -0.16 0.24
Animalfats 0.32 -0.23 -0.01 -0.06 0.17

AnimalProducts 0.44 -0.06 -0.07 -0.00 -0.01
CerealsExcludingBeer -0.26 0.22 -0.20 -0.50 0.07

Eggs 0.27 0.34 0.04 0.05 0.11
FishSeafood 0.00 0.32 0.32 0.18 0.50

FruitsExcludingWine -0.08 0.10 0.26 0.57 -0.46
Meat 0.30 0.20 0.30 0.06 -0.00

MilkExcludingButter 0.37 -0.23 -0.27 -0.06 -0.14
StarchyRoots -0.26 -0.39 0.20 0.13 0.23

SugarSweeteners 0.18 0.32 0.30 -0.19 -0.29
Treenuts 0.05 0.22 -0.29 0.33 0.52

VegetableOils -0.01 0.39 0.03 -0.34 -0.03
Vegetables 0.05 0.21 -0.54 0.29 -0.09

VegetalProducts -0.44 0.06 0.07 0.00 0.01
AlcoholicBeverages 0.21 -0.26 0.32 -0.16 0.24

Table 3: Stepwise regression
coefficient standard deviation T-value P-value

Intercept 0,038922 0.003053 12.748 <2e-16
Factor1 0.012983 0.001385 9.374 <2e-16
Factor2 -0.005307 0.002205 -2.407 0.0173
Factor3 -0.003520 0.002405 -1.464 0.1452

Figure 1:Heatmap for the 15 variances

Figure 2: The fitted image of stepwise 
regression(regard factor1 as independent 

variance)
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Figure 3: The fitted image of stepwise 
regression(regard factor2 as independent 

variance)
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