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Abstract: During the COVID-19 pandemic, dietary habits in the population changed and
sometimes deviated from healthy eating patterns, such as the Mediterranean diet. Based
on reports on the quality of the diet of respondents to studies conducted at the beginning
of the pandemic, it could be concluded that these new dietary habits are unfavorable for
a good prognosis and the course of any disease and its severity of symptoms. This study
decided to confront these assumptions with the results of people who had COVID-19.
Background/Objectives: This study aimed to assess the associations between dietary
patterns and the occurrence of hospitalization and gastrointestinal disorders among pa-
tients diagnosed with COVID-19. Methods: This study included 550 respondents who
completed a survey up to 8 months after being diagnosed with COVID-19. The sur-
vey included 62 items from the FFQ-6%®, GSRS, PAC-SYM and FACT-G7 standardized
questionnaires. Results: Two dietary patterns (DPs) were identified: ‘Processed high
fat/sugar/salt/meat/dairy/potatoes” and ‘Semi-vegetarian’. Higher adherence to the
‘Processed’” DP was associated with higher odds of hospitalization due to COVID-19, a
more severe course of the disease, and the highest intensity of gastrointestinal symptoms.
Higher adherence to the ‘Semi-vegetarian’ DP was associated with lower odds of hospi-
talization due to COVID-19, a less severe course of the disease, and the lowest intensity
of gastrointestinal symptoms. Conclusions: This study showed a strong harmful effect of
high adherence to a processed dietary pattern on an increased incidence of hospitalization
and gastrointestinal disorders among northwestern Polish adults during the COVID-19
pandemic, emphasizing the importance of a healthy diet.

Keywords: dietary patterns; nutrition; COVID-19; gastrointestinal disorders; hospitalization

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic has largely determined the health
of people around the world, starting with its outbreak in 2019 in Wuhan, China. According
to the latest data, there were 777,074,803 reported COVID-19 cases and over 7 million
deaths [1]. COVID-19 is caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and predominant manifestations of the disease are respiratory disorders
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such as fever, sore throat, dry cough, runny nose and a general feeling of fatigue, and less
frequently occurring symptoms are neurological and gastrointestinal (GI) disorders [2—4].
The most common GI symptoms caused by infection of SARS-CoV-2 are diarrhea, 32.5% [5];
nausea, 11.7% [5]; abdominal pain or discomfort, 4.4% [5]; and vomiting, 3.9% [6], occurring
during the illness or its onset [5], but the presence of GI symptoms is not associated with
the mortality of COVID-19 patients [7].

It is known so far that SARS-CoV-2 is able to bind to the angiotensin-converting
enzyme 2 (ACE2) receptors, causing GI symptoms depending on the localization of these
receptors in the digestive tract [8,9]. What is worth mentioning is that GI symptoms might
also occur due to medications used for COVID-19, and these include abnormal appetite,
diarrhea, nausea, vomiting, dry mouth, abdominal pain or discomfort, and constipation [10].
Licensed scales used to assess stomach and intestinal disorders are the IBS-VAS, GSRS,
Gastroesophageal Reflux Disease Questionnaire (GerdQ), Post Infection IBS Scale (PI-IBS),
Functional Bowel Disorders Severity Index (FBDSI), Irritable Bowel Syndrome-Quality of
Life survey (IBS-QOL), Irritable Bowel Syndrome- Symptom Severity Scale (IBS-SSS), and
Bristol Stool Form Scale (BSFES).

In the case of an infectious disease, the human body needs resources to fight the
pathogen. This refers to avoiding possible nutritional deficiencies as they can determine
the risk and severity of COVID-19 [11]. Nutritionally essential minerals and vitamins play
an important role in the immune response. Among them can be mentioned trace elements,
including zinc, selenium, iron, copper and magnesium; and vitamins such as D, E, A, By,
Bg, C, and folate [12]. The immune function roles of these nutrients are (1) the maintenance
of the structural and functional integrity of mucosal cells in innate barriers, for instance in
the respiratory tract; (2) differentiation, proliferation, functioning, and movement of innate
immune cells and T cells; (3) inflammation, antioxidant effects and role in oxidative bursts;
(4) antibody production and development; (5) responses to antigens; and (6) the regulation
of antimicrobial effects [12]. It was also shown that the omega-3 fatty acids eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) are helpful for decreasing inflammation due to
enzymatic oxygenation of specialized pro-resolving mediators (SPMs) known as resolvins,
maresins, lipoxins and protectins following the initial stages of the inflammatory cascade
in respiratory diseases [13-15]. Omega-3 polyunsaturated fatty acids supplementation
was found to have promising effects on reducing CRP levels [16] and renal function and
acidosis, resulting in improvement of clinical symptoms in COVID-19 [17]. The deficiencies
of micronutrients and omega 3 acids might cause immunosuppression and increase the risk
of infection. Nutritional deficiencies can also affect adaptive and innate immunity, which in
turn affects the course and duration of infection. Moreover, mucosal-associated invariant T
cells (MAIT), a type of innate-like T cell characterized by a semi-invariant T cell receptor,
influence the polarization of adaptive lymphocyte responses and contribute to metabolic
dysfunction [18]. Appropriate nutrient status seems to be crucial for preventing infections
and reducing disease burden [19].

The proper level of nutritional content of the diet in terms of vitamins and microele-
ments depends on the frequency and quantity of consumption of their rich sources, and
therefore on dietary patterns. In this aspect, not only does the frequency of the supply
of products rich in the above-mentioned components of the diet matter, but so does the
simultaneous consumption of low amounts of processed products. Not to mention, the
pro-inflammatory or anti-inflammatory potential of food plays a significant role in the
immune response and inflammatory processes [20]. For instance, a high in saturated fats
and trans fats diet might lead to higher pro-inflammatory TNFe«, IFNYy, IL-6 and IL-1f3
cytokine concentrations [20]. The components of a Western-style diet, such as: refined
carbohydrates increase levels of IL-6 and CRP and cause negative functioning of memory T
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cells; added sugars and fructose overconsumption are related to systemic pro-inflammatory
status, cortisol hyperactivation and insulin resistance; fast foods decrease short chain fatty
acid (SCFA) producers in the intestines and therefore cause disruption of the intestinal
barrier by disrupting GALT immunity; excessive salt and meat consumption is associated
with the metabolism of a compound called trimethylamine (TMA) by the gut microbiota,
which is transformed into trimethylamine N-oxide (TMAO) in the liver and is associated
with inflammatory pathways and cardiovascular disease risk [20]. On the other hand, the
Mediterranean diet presents anti-inflammatory effects by reducing the level of interleukin
(IL-6), high-sensitivity C-reactive protein (hs-CRP) and tumor necrosis factor (TNF-«) and
might be the most recommended dietary pattern to follow [21]. Dietary patterns may be cru-
cial in enhancing the immune responses against severe infections, leading to inflammation
and increased cytokine secretion, and SARS-CoV-2 is being mentioned as an example [21].

A study from the beginning of the pandemic on the quality of diet during the lockdown
emphasized that: (1) during the lockdown, respondents reported an increase in energy
intake in the form of food and snacks; (2) about 20% of people surveyed practically never
ate breakfast, which may lead to an increased risk of type 2 diabetes and heart disease;
(3) almost one-third of respondents did not eat fresh vegetables and fruit every day;
(4) about 37% of respondents ate sweets several times a week; and (5) the higher the BMI,
the lower the consumption of vegetables and fruit [22]. Taking these reports into account,
the authors of this paper decided to examine how the dietary patterns of respondents after
COVID-19 affected their frequency of hospitalization due to disease.

Today, it is acknowledged that there is a clinically significant difference in the impact
on health and immune function between two extremes in terms of their properties and
components, namely the Mediterranean and Western diets [20]. Given the disturbing
information that people with metabolic syndrome, overweight and obesity had poor
dietary habits at the beginning of the pandemic [22], it is important to know how specific
eating patterns influenced the severity of COVID-19 and its associated disorders. This
study aimed to assess the associations between dietary patterns and the occurrence of
hospitalization and gastrointestinal disorders among patients diagnosed with COVID-19.

2. Materials and Methods
2.1. Study Design and Sample Selection

This study included 550 respondents who completed a survey up to 8 months after
being diagnosed with COVID-19. The participants were 468 individuals without hospital-
ization (these patients suffered from COVID-19 at home, with no confirmation by a positive
PCR test result) and 82 patients with a severe course of infection (positive PCR test result
for SARS-CoV-2), aged 18-74 years old. Women constituted the majority of the respondents
(89.8%). The average age of the respondents was 41.2 & 11.4 years. Most respondents came
from large cities with more than 200,000 inhabitants (40.6%) from northwestern Poland.
Due to the SARS-CoV-2 virus pandemic and lockdown, data were collected online by an
opensource surveying tool, EUSurvey [23], from December 2021 until June 2022. The study
workflow is presented in Figure 1. The criteria for including patients in the clinical group
were hospitalization due to severe COVID-19, confirmed by a test performed in the hospital,
within the last 8 months before participation in the study; signing an informed consent
form to participate in the study; age over 18 years; and no inflammatory bowel disease,
cancer, short bowel syndrome, pregnancy, or anorexia nervosa. The criteria for including
respondents in the control group were a diagnosis of SARS-CoV-2 infection within the
last 8 months before participation in the study, age over 18 years, no inflammatory bowel
disease, and no neoplastic disease. There were no requirements regarding the region of
respondents, but the group of 82 people after hospitalization came from the city of Szczecin
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and its surrounding area, and the respondents completing the survey after recovering from
COVID-19 at home came from all over the country.

December 2021 to June 2022

Recruitment Control group: 468 One-time visit:
of Study no hospitalization  written consent signed

e EUSurvey completion
(metrics, FFQ, GSRS,

Participants

no confirmation for positive

PCR test result PAC-SYM, FACT-G7)
Clinical group: 82 ‘
Study exclusion Study inclusion | 4 patients after -
criteria: criteria: hospitalization included Identification
— of Dietary Patterns
« IBD (Inflammatory ~ * suffering from giﬂgvg T/C;% test result for
Bowel Disease) COVID-19 upto 8 OV
¢ SBS (Short bowel months prior to l
Syndrome) study
articipation P A
g:,eogrre]i;cr{ervosa . Ege ofp'l 8-74 Associations between dietary
celiac disease years patterns and the occurrence

hospitalization of hospitalization and
gastrointestinal disorders

cancer
age of <18 years due to COVID-19

and >75 years or not

Figure 1. Study design work flow. Created in https://BioRender.com.

2.2. Food Frequency Consumption and Dietary Patterns Identification

Dietary data were collected using a validated 62-item Food Frequency Questionnaire
(62-item FFQ-6®) [24]. Respondents were asked about the frequency of consumption of
62 food groups in the last 12 months before participating in the study. Next, the frequency
consumption was expressed as times/day after assigning the values as follows: ‘never or
almost never’ = 0; ‘once a month or less’ = 0.025; ‘several times a month’ = 0.1; ‘several times
a week’ = 0.571; ‘daily’ = 1; ‘several times a day’ = 2. Then, the frequency consumption of
62 food items (times/day) was aggregated into twenty-two food groups, standardized, and
included in the Principal Component Analysis (PCA) with varimax rotation [25]. The full
description of the twenty-two food groups aggregated is shown in Supplementary Table S1.
Due to relatively low consumption and no impact on the value of explained variance, four
food groups were excluded from the PCA: breakfast cereals, fruit/vegetable/vegetable—
fruit juices, sweetened beverages and alcoholic drinks.

Two PCA-derived dietary patterns (DPs) were identified, called ‘Processed high fat,
sugar, salt, meats, dairy, and potatoes” and ‘Semi-vegetarian’. The plot of eigenvalues and
the total variance were the main criteria for the identification of the PCA-derived DPs, and
so the DPs were marked according to the main components with the absolute values of
factor loadings >0.30 [25]. For further analysis, tercile intervals of each DP were calculated.
The means of the frequency of food consumption (times/day) by dietary patterns (terciles)
among the COVID-19 patients are provided in Supplementary Table S2. The details of the
characteristics of the DPs are given in Section 3.

2.3. Gastric Scales: GSRS, PAC-SYM and FACT-G7

Outcome measures for the severity of gastrointestinal discomfort and symptoms
included the Gastrointestinal Symptom Rating Scale (GSRS), The Patient Assessment of
Constipation-Symptoms (PAC-SYM) and FACT-G?7.

The Gastrointestinal Symptom Rating Scale (GSRS) is a self-report, 15-item question-
naire that measures the severity of a wide range of gastrointestinal symptoms, referring to
diarrhea, constipation, bloating, abdominal pain, hunger pain, reflux, etc. Questions are
rated on a 7-point Likert scale (1 = ‘No discomfort at all’, 2 = ‘Minor discomfort’, 3 = ‘Mild
discomfort’, 4 = ‘Moderate discomfort’, 5 = ‘Moderately severe discomfort’, 6 = ‘Severe
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discomfort” and 7 = “Very severe discomfort’) [26,27]. The GSRS score was calculated as
the sum of all 15 responses and expressed in the range from 15 to 68 points. In terms of
the intensity of discomfort (number of points) expressed on this scale, the respondents
were divided into three terciles (bottom, middle and upper) of symptoms intensity for
further analyses.

The Patient Assessment of Constipation-Symptoms (PAC-SYM) questionnaire is an
important tool for the assessment of the severity of self-reported symptoms of patients
suffering from chronic constipation [28,29]. This questionnaire contains 12 questions about
the severity of symptoms such as painful abdominal cramps, painful bowel movements,
urge to defecate, feeling of incomplete defecation, etc. Items are scored on a 5-point Likert
scale (0 = ‘symptom absent’, 1 = ‘mild’, 2 = ‘moderate’, 3 = ‘severe’ and 4 = ‘very severe’). A
mean total score in the range of 0-4 is generated by dividing the total score by the number
of all questions; the lower the total score, the lower the symptom burden [29]. Analogous to
the GSRS scores, the PAC-SYM scores were grouped into three terciles according to severity.

The FACT-G? is a rapid version of the Functional Assessment of Cancer Therapy-
General that can be used to assess top-rated symptoms and concerns for a broad spectrum
of advanced cancers in clinical practice and research, such as self-reported feelings of
lack of energy, pain, trouble sleeping, and dissatisfaction with the quality of the patient’s
life [30,31]. Points from 1 to 5 were assigned according to the response to 7 questions
(I ="Notatall’, 2 = “A little bit’, 3 = ‘Somewhat’, 4 = ‘Quite a bit’, 5 = “Very much’). In
this study, this scale was used to evaluate the subjective assessment of well-being after the
disease and respondents’ health-related quality of life and links to dietary patterns.

Details of the GSRS, PAC-SYM and FACT-G7 scales and their components by the
hospitalization status among COVID-19 patients are presented in Supplementary Table S3.

2.4. Statistical Analysis

Basic characteristics of the COVID-19 patients are expressed in means and standard
deviations (SD). Differences in baseline sample characteristics were verified with a Kruskal-
Wallis test (continuous data) or Pearson Chi? test with Yates’ correction as necessary
(categorical data) [25]. The sample percentage distributions of hospitalized COVID-19
patients were compared by tercile intervals of DPs. The associations of DPs with hospi-
talization risk or intensification of gastrointestinal disorders were assessed using logistic
regression analysis. Then, the odds ratios (ORs) and 95% confidence interval (95% CI) of
hospitalization or intensification of gastrointestinal disorders were calculated [25]. The
reference categories (OR = 1.00) were the bottom terciles of each DP, the bottom terciles
of gastric scales (GSRS, PAC-SYM and FACT-G7), and the lack of hospitalization. Two
models were created: crude and adjusted for the potential confounders. The adjusted
model of the ORs calculation of the hospitalization by the adherence to the DPs among
COVID-19 patients included the following confounders: age (years), gender (men, women),
place of residence, educational level, ever-smoking status (no, yes, occasionally), chronic
diseases (no, yes), taking medication (no, yes), vitamin/mineral supplements use within
the last 12 months (no, yes), and special diet or intake restrictions (no, yes). The adjusted
model of the ORs calculation of the intensification of gastrointestinal disorders by the
adherence to the DPs among COVID-19 patients included the same set of confounders and
hospitalization (no/yes). The level of significance of the odds ratio was verified with a
Wald’s test [25]. All statistical analyses were obtained using STATISTICA software (version
10.0 PL; StatSoft Inc., Tulsa, OK, USA; StatSoft, Krakow, Poland). A p-value < 0.05 was
considered statistically significant.
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3. Results
3.1. Baseline Sample Characteristics

Hospitalized patients with COVID-19 were older than non-hospitalized patients (54.5
vs. 38.8 years; p < 0.0001; Table 1). Significantly more hospitalized patients were 60 years
or older (41.5 vs. 2.8%; p < 0.0001), had chronic diseases (70.4 vs. 42.3%; p < 0.0001), took
medications (63.4 vs. 37.4%; p < 0.0001), were ever-smokers (50.0 vs. 30.3%; p = 0.0015), and
did not eat regularly (29.3 vs. 15.8%; p = 0.0043). Significantly fewer hospitalized patients
than non-hospitalized came from cities with more than 200,000 inhabitants (1.2 vs. 47.5%;
p < 0.0001) and had a higher education level (36.3 vs. 84.0%; p < 0.0001; Table 1).

Table 1. Basic characteristics of the COVID-19 patient sample (% or mean =+ SD).

Hospitalization p-Value
Variables Total Sample
No Yes
Sample size (n) 550 468 82
Gender
men 10.2 4.5 42.7 <0.0001
women 89.8 95.5 57.3
Age (years *) 412 +11.4 38.8+94 54.5 £12.8 <0.0001
18.0-29.9 14.2 16.5 1.2
30.0-39.9 34.9 39.1 11.0
40.0-49.9 31.8 33.1 244 <0.0001
50.0-59.9 10.5 8.5 22.0
>60.0 8.5 2.8 41.5
Place of residence
village 14.3 14.5 13.4
town < 50,000 inhabitants 16.7 16.8 15.9 <0.0001
city (50,000-200,000 inhabitants) 28.4 21.2 69.5
city (>200,000 inhabitants) 40.6 47.5 1.2
Educational level
primary 1.1 0.2 6.3
basic vocational 3.3 1.5 13.8 <0.0001
secondary 18.6 14.3 43.8
higher 77.0 84.0 36.3
Chronic diseases 46.4 423 70.4 <0.0001
Taking medication 41.3 37.4 63.4 <0.0001
Ever smoker
no 48.5 50.0 40.0
yes 33.2 30.3 50.0 0.0015
occasionally 18.3 19.7 10.0
Current smoker 8.2 8.8 49 0.2432
Vitamin/mineral supplements use 90.4 92.3 79.3 <0.0001
vitamin supplements 43.4 42.3 50.0 0.1931
folic acids supplements 36.2 37.4 29.6 0.1796
iron supplements 32.1 33.9 22.5 0.0452
zinc supplements 49.7 51.8 37.7 0.0221

vitamin C supplements 64.0 64.7 59.5 0.3698
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Table 1. Cont.

Hospitalization p-Value
Variables Total Sample
No Yes
Dietary habits
Number of meals
1-2 4.0 42 24
3 33.5 33.1 35.4 0.7326
4 50.0 50.6 46.3
>5 12.5 12.0 15.9
Regular meal times
no 17.8 15.8 29.3
rather yes 60.9 61.3 58.5 0.0043
definitely yes 21.3 229 12.2
Special diet or intake restrictions 58.5 60.7 46.3 0.0150
Overall decrease in food consumption 38.5 38.9 36.6 0.6926

Self-declared use of vitamin and/or mineral supplements within the last 12 months; %—sample percentage;
# mean and standard deviation (SD); p-value—level of significance verified with chi? test (categorical variables) or
Kruskal-Wallis’ test (continuous variables); p < 0.05—statistically significant.

There were no significant associations in restriction in the consumption of sugar and
sweets, fats and foods in the high fat content data, but there were some significant associa-
tions in restriction in the consumption of meat and meat products, raw vegetables, fruits
and dairy products between the hospitalized and non-hospitalized groups of respondents.
As the results show, hospitalized patients tended to manifest greater food reductions in the
consumption of raw vegetables and lower reductions in the consumption of meat (Table 1).

3.2. Dietary Pattern Characteristics

Two main PCA-derived dietary patterns were identified: ‘Processed high fat, sugar,
salt, meat, dairy, and potatoes’ (DP1) and ‘Semi-vegetarian” (DP2). The total explained
variance in the frequency of consumption of the 18 food groups was 30.9% (Table 2).
The ‘Processed high fat, sugar, salt, meat, dairy, and potatoes’” DP was positively
loaded by the frequency of consumption of refined grains, animal fats, processed meats,
sugar/honey/sweets, cheese, potatoes, other fats (margarine, mayonnaise, dressings),
sweetened milk drinks/flavored cheese, white meat, milk/fermented milk drinks/cheese
curd and salty snacks (factor loadings from 0.30 to 0.66; Table 2). The ‘Semi-vegetarian’ DP
was positively loaded by the frequency of consumption of vegetables, fruits, nuts/seeds,
whole grains, legumes, milk/fermented milk drinks/cheese curd, eggs and fish (factor
loadings from 0.31 to 0.67, Table 2). The sample characteristics by dietary patterns among
the COVID-19 patients is shown in Supplementary Table 54.

Table 2. Factor loadings for food groups in Principal Component Analysis (PCA)-derived dietary
patterns among COVID-19 patients (n = 550).

Food Groups PCA-Derived Dietary Patterns
‘Processed High Fat,
Sugar, Salt, Meat, Dairy, ‘Semi-Vegetarian’
and Potatoes’
Refined grains 0.66 0.03
Animal fats 0.62 0.01

Processed meats 0.62 -0.07
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Table 2. Cont.

Food Groups PCA-Derived Dietary Patterns
‘Processed High Fat,
Sugar, Salt, Meat, Dairy, ‘Semi-Vegetarian’
and Potatoes’
Sugar, honey and sweets 0.60 —0.18
Cheese 0.59 0.12
Potatoes 0.47 0.25
Other fat.s (marga%'me, 0.46 _0.04
mayonnaise, dressings)
Sweetened milk drinks and 0.34 0.07
flavored cheese
White meat 0.33 0.27
Milk, fermented milk drinks 0.33 0.48
and cheese curd
Salty snacks 0.30 —0.17
Vegetables -0.13 0.67
Fruits —0.02 0.64
Nuts and seeds —0.25 0.62
Whole grains 0.05 0.60
Legumes —0.06 0.57
Eggs 0.17 0.45
Fish 0.04 0.31
Share in explaining the 16.2 147

variance (%)

Bolded values are marked for the main components of the PCA-derived dietary patterns with absolute
loadings > 0.3.

3.3. Dietary Patterns and Hospitalization Among the COVID-19 Patients

Significantly more hospitalized than non-hospitalized COVID-19 patients were in the
upper tercile of the ‘Processed high fat, sugar, salt, meat, dairy, and potatoes’ dietary pattern
(54.9 vs. 29.5%; p < 0.0001; Table 3). Inversely, significantly fewer hospitalized patients
were in the upper tercile of the ‘Semi-vegetarian” pattern (18.3 vs. 35.9%; p = 0.0031). These
results were confirmed in the logistic regression analysis, except for the adjusted model for
the ‘Semi-vegetarian’ pattern (Table 4).

Table 3. PCA-derived dietary patterns in association with hospitalization among COVID-19 pa-
tients (%).

Hospitalization p-Value
Variables Total Sample
No Yes
Sample size 550 468 82
PCA-derived dietary patterns
‘Processed high fat, sugar, salt, meat, dairy, and potatoes’
terciles
bottom 335 36.5 15.9
middle 33.3 34.0 293 <0.0001
upper 33.3 29.5 54.9
‘Semi-vegetarian’
terciles
bottom 33.3 31.0 46.3
middle 335 33.1 354 0.0031
upper 33.3 35.9 18.3

%—sample percentage; p-value—level of significance assessed by chi? test; p < 0.05.
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Table 4. Odds ratios (ORs (95% CI)) of the hospitalization by the adherence to the dietary patterns
among COVID-19 patients (n = 550).

Hospitalization
Dietary Patterns Terciles Yes (Ref. No)
ORrude 95% CI OR,qj 95% CI

bottom (ref.) 1.00 1.00
‘Processed high fat, sugar, salt, middle 1.99 0.98; 4.04 1.90 0.65; 5.61
meat, dairy, and potatoes’ upper 4.29 *** 2.22;8.29 4.40 ** 1.78;10.88
score (1-point increase) 1.78 *** 1.43;2.22 1.93 ** 1.38;2.71

bottom (ref.) 1.00 1.00
‘Semi-vegetarian’ middle 0.71 0.42;1.22 0.64 0.30; 1.39
& upper 0.34 *** 0.18; 0.65 0.57 0.22;1.44
score (1-point increase) 0.67 ** 0.51; 0.87 0.85 0.57;1.27

ref.—reference category; ORryge—crude model; OR,4—model adjusted for age (years), gender (men, women),
place of residence, educational level, ever smoking status (no, yes, occasionally), chronic diseases (no, yes), taking
medication (no, yes), vitamin/mineral supplements use within the last 12 months (no, yes), and special diet or
intake restrictions (no, yes); 95% CI—95% confidence interval; p-value—the level of significance was assessed by
Wald’s test; ** p < 0.01, *** p < 0.001.

The odds of hospitalization were more than four times higher among COVID-19
patients in the upper tercile of the ‘Processed high fat, sugar, salt, meat, dairy, and potatoes’
dietary pattern (OR crude = 4.29, 95% CI: 2.22-8.29, p < 0.001; OR adjusted = 4.40, 95%
CI: 1.78-10.88, p < 0.01) than in the bottom tercile of this pattern (Table 4). A one-point
increase in the score of the ‘Processed high fat, sugar, salt, meat, dairy, and potatoes’ DP was
associated with an almost two times increased odds of hospitalization (OR crude = 1.78,
95% CI: 1.43-2.22, p < 0.001; OR adjusted = 1.93, 95% CI: 1.38-2.71, p < 0.01; Table 4). The
odds of hospitalization among COVID-19 patients were lower by 66% in the upper tercile
of the ‘Semi-vegetarian’ DP than in the bottom tercile of this pattern (OR crude = 0.34,
95% CI: 0.18-0.65, p < 0.001). A one-point increase in the score of the ‘Semi-vegetarian’
DP was associated with 33% decreased odds of hospitalization (OR crude = 0.67, 95% CI:
0.51-0.87, p < 0.01 (Table 4). These associations did not remain statistically significant in the
adjusted models for the ‘Semi-vegetarian’ pattern. The summarized findings of this study
regarding the associations between the PCA-identified dietary patterns and hospitalization
among patients with COVID-19 are shown in Figure 2. Details of the frequency of single
food group consumption by hospitalization among COVID-19 patients are presented in

Supplementary Table S5.
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Figure 2. Associations between PCA-identified dietary patterns and hospitalization due to COVID-19.
Created in https://BioRender.com.
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3.4. Gastrointestinal Disorders and Dietary Patterns

’

In the upper tercile of the ‘Processed high fat, sugar, salt, meat, dairy, and potatoes
dietary pattern were the COVID-19 patients with the highest GSRS scores, i.e., the most
frequently reported gastrointestinal problems (p = 0.0011; Table 5). With the highest adher-
ence to this pattern, these patients reported the highest intensity of digestive complaints
on the GSRS scale (p = 0.0202), including heartburn (0.0020), hunger pains (p < 0.0001),
rumbling (p = 0.0179), bloated stomach (p = 0.0277), breaking wind (p = 0.0109) and hard
stools (p = 0.0367). Conversely, with increasing adherence to the ‘Semi-vegetarian” pattern,
the intensity of GSRS score symptoms decreased (p = 0.0064; p = 0.0152). The most notable
results were reported in the reduction of constipation symptoms (p = 0.0294) and the urgent
need to have a bowel movement in patients in the upper tercile of the ‘Semi-vegetarian” DP
(p = 0.0258; Table 5).

In the upper tercile of the ‘Processed high fat, sugar, salt, meat, dairy, and potatoes’
dietary pattern were also the COVID-19 patients with the highest intensity of single com-
plaints on the PAC-SYM score, including discomfort in your abdomen (p = 0.0449), pain
in your abdomen (p = 0.0235), stomach cramps (p = 0.0010), painful bowel movements
(p = 0.0170) and rectal burning during or after a bowel movement (p = 0.0025; Table 5). In
the upper tercile of the ‘Semi-vegetarian’ pattern, the problem of straining or squeezing to
try to pass bowel movements was decreased (p = 0.0017).

The quality of life expressed by the FACT-G7 score was decreased among COVID-19
patients in the upper tercile of the ‘Processed high fat, sugar, salt, meat, dairy, and potatoes’
dietary pattern (p = 0.0001; Table 5). With the highest adherence to this pattern, the patients
most frequently reported pain (<0.0001), trouble sleeping (p = 0.0002), not enjoying their
lives (p = 0.0006) and not being content with the quality of life (p = 0.0078). Conversely,
with increasing adherence to the ‘Semi-vegetarian” pattern, the intensity of FACT-G7 score
symptoms decreased (p = 0.0203). Patients seem to be more satisfied with their lives with
greater adherence to the ‘Semi-vegetarian’ pattern (p = 0.0100; p = 0.0028; Table 5). The
percentage distributions of single components of the GSRS, PAC-SYM and FACT-G7 scales
by dietary patterns among COVID-19 patients are provided in Supplementary Table Sé6.

The logistic regression analysis showed that the odds of the highest intensity of
gastrointestinal complaints expressed in the upper tercile of the GSRS score were more than
two and three times higher among COVID-19 patients in the middle and upper tercile of
the ‘Processed high fat, sugar, salt, meat, dairy, and potatoes’ dietary pattern, respectively
(OR =2.21, 95% CI: 1.28-3.83, p < 0.01; OR = 3.12, 95% CI: 1.74-5.63, p < 0.001) than in the
bottom tercile of this pattern (Table 6). A one-point increase in the score of the ‘Processed
high fat, sugar, salt, meat, dairy, and potatoes” DP was associated with almost one and half
times increased odds of the upper tercile of the GSRS score (OR = 1.47, 95% CI: 1.16-1.86,
p = 0.01; Table 6). The odds of the upper tercile of the GSRS score among COVID-19 patients
were lower by 43% and 69% in the middle and upper terciles of the ‘Semi-vegetarian’ DP
than in the bottom tercile of this pattern (OR = 0.57, 95% CI: 0.33-0.97, p < 0.05; OR = 0.31,
95% CI: 0.17-0.56, p < 0.001). A one-point increase in the score of the ‘Semi-vegetarian’
DP was associated with 38% decreased odds of the highest intensity of gastrointestinal
complaints (OR crude = 0.62, 95% CI: 0.49-0.79, p < 0.01; Table 6).
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Table 5. The selected gastric scales by dietary patterns among the COVID-19 patients (%) or mean (SD).

Dietary Patterns (Terciles/Levels)

Variable Total Sample ‘Processed High Fat, Sugar, Salt, Meat, Dairy, and Potatoes’ ‘Semi-Vegetarian’

Bottom Middle Upper p-Value Bottom Middle Upper p-Value
Sample size (n) 550 184 183 183 183 184 183
GSRS_sum of points # 30.1 £11.7 274 +9.8 31.1+£11.9 320+ 128 0.0011 31.9 £12.0 304 +12.2 28.1 +10.7 0.0064
terciles
bottom 37.3 44.0 33.3 344 31.7 38.6 415
middle 28.7 31.0 30.1 25.1 0.0202 26.2 26.6 33.3 0.0152
upper 34.0 25.0 36.6 40.4 42.1 34.8 25.1

GSRS_Components (points) *

pain or discomfort in your upper abdomen or the pit of

23+14 22+13 24+15 24+15 0.2788 25415 23+15 22+12 0.0916
your stomach
heartburn 15+11 14+£10 14£09 17+£13 0.0020 16+11 16+11 14£09 0.5689
acid reflux 16 +1.1 15+1.0 15+1.0 17+£13 0.2272 1.7+£13 16+11 15+09 0.6380
hunger pains 20+12 17+£10 20+£12 24+14 <0.0001 22413 20+12 19+11 0.0294
nausea 15+11 15+1.0 16+11 16+12 0.6144 16+£12 15+11 14+1.0 0.3054
rumbling 22413 20+1.1 23+13 23+£13 0.0179 23+13 23+13 21+11 0.3691
bloated stomach 27416 24+14 29+16 27+17 0.0277 29+16 26+16 25+14 0.0588
breaking wind 30£15 27+13 31+16 31+15 0.0109 32+15 3.0+16 28+14 0.0691
constipation 19+15 18+14 20+15 20+15 0.0653 21+16 20+15 17+13 0.0294
diarrhoea 15+1.1 14+09 16+12 15+11 0.2012 1.5+1.1 15+11 14+09 0.4283
hard stools 20+ 14 17+£12 21+15 22+16 0.0367 22416 20+14 18+13 0.0415
loose stools 17+12 1.6 £1.0 18+13 18+12 0.0969 17+£12 17+£12 17+11 0.9703
urgent need to have a bowel movement 16+11 1.5+1.0 17+12 17+12 0.1063 16+11 1.7+12 15+1.0 0.0258
sensation of not completely emptying the bowels 20+£14 1.8+13 20+£1.4 21+14 0.1851 21+£15 19+13 19+ 14 0.3391
belching 26+16 24415 27+16 27+1.6 0.1033 28+17 25+16 24+15 0.2777
PAC-SYM_sum of points * 75+78 62170 76+75 88+85 0.0140 8.6 8.0 73+75 6.6+7.6 0.0085
terciles
bottom 425 48.4 42.6 36.6 33.3 429 51.4
middle 23.8 26.6 23.0 219 0.0220 25.7 25.0 20.8 0.0114
upper 33.6 25.0 344 415 41.0 321 279
PAC-SYM_Components (points)
discomfort in your abdomen 0.8+0.9 0.6 +0.8 08+1.0 08+1.0 0.0449 09+1.0 07+1.0 07+08 0.0578
pain in your abdomen 05+08 04+07 05+09 0.7+09 0.0235 0.6 £09 05+08 05+038 0.1713
bloating in your abdomen 12+11 1.0+£1.0 13+11 12+11 0.1124 13+11 11+1.0 11+£1.0 0.2734

stomach cramps 05+08 03+£0.7 05+0.8 0.6 +0.9 0.0010 05+08 05+0.8 04+08 0.2521
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Table 5. Cont.

Dietary Patterns (Terciles/Levels)

Variable Total Sample ‘Processed High Fat, Sugar, Salt, Meat, Dairy, and Potatoes’ ‘Semi-Vegetarian’
Bottom Middle Upper p-Value Bottom Middle Upper p-Value
painful bowel movements 04409 03+0.8 04+09 0.6 +£1.0 0.0170 0.6 +1.0 04+0.8 03+0.8 0.0047

rectal burning during or after a

0.5+ 09 04407 04+08 07+1.1 0.0025 05+ 0.8 0.5+ 09 0.5+ 09 0.2021
bowel movement

rectal bleeding during or after a 03+08 03+07 03+07 04 +09 0.1541 04 +09 03+07 03+08 0.0660
bowel movement

incomplete bowel movement, like 0.7 09 0.6 +09 07 +09 09+ 1.0 0.1152 08+ 1.0 0.7 +09 07+ 1.0 0.2363
you did not “finish

1}’1‘;:;‘*1 movements that were too 0.7+ 1.0 0.6 + 0.9 0.7 + 1.0 08+ 1.1 0.7807 08+1.1 0.7 + 1.0 0.6 + 0.9 0.1420
E;Zﬁl movements that were too 0.5+ 0.9 0.5+ 0.9 0.5+ 0.9 0.6+ 1.0 0.5200 0.6+ 0.9 0.5+ 0.9 0.5+ 08 0.0793
straining or squeezing to try to 08411 0.7 409 09+ 1.1 09+ 1.1 0.1599 10411 09+ 1.1 0.6+ 1.0 0.0017
pass bowel movements

feeling like you have to pass a

bowel movement but you could not 05+09 0.5+09 0.5+09 0.6 £1.0 0.4203 0.6 +1.0 0.5+038 0.5+09 0.2299
(false alarm)

FACT-G7_sum of points 92453 7.7 +5.0 93+48 10.7 + 5.5 <0.0001 102 + 5.3 93+54 82 +49 0.0023
terciles

bottom 355 473 339 25.1 284 35.9 421

middle 305 283 31.7 31.7 0.0001 306 28.8 322 0.0203
upper 34.0 245 344 432 410 353 257
FACT-G7_Components (points) #

I have a lack of energy 19412 17+12 20+ 1.1 21412 0.0057 21+12 18+12 18412 0.0192
I have pain 1.0+ 1.1 07+1.0 09+1.0 13+13 <0.0001 11+ 1.1 09+12 09+1.1 0.0671
I have nausea 04+08 03+07 04+07 0.5+ 09 0.1735 04+08 04 +09 03+07 0.9127
I worry that my condition will get worse 11412 09+1.0 12412 13+13 0.0200 13412 12413 09+1.1 0.0072
I am not sleeping well 17+13 14413 17+13 19+14 0.0002 18+13 1.6+13 16+14 0.1022
I am not able to enjoy life 15+12 13+ 1.1 15+ 1.1 18+13 0.0006 1.6+13 16+12 13+ 1.1 0.0100
I am not content with the quality of my life right now 1.7+12 1.5+12 1.7+12 19+13 0.0078 19+13 1.7+12 14+1.1 0.0028

%—sample percentage; * mean and standard deviation (SD); p-value—level of significance verified with chi? test (categorical variables) or Kruskal-Wallis’ test (continuous variables);
p < 0.05—statistically significant.
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Table 6. Odds ratios (ORs (95% CI)) of the GSRS by the adherence to the dietary patterns among
COVID-19 patients (1 = 550).

GSRS
i Terciles
Dietary Patterns TfrCIITS/ -
evels Middle (Ref. Bottom) Upper (Ref. Bottom)
OR.uge  95% CI OR,; 95% CI ~ ORguge 95%CI  OR,  95%CI

, . bottom (ref.) 1.00 1.00 1.00 1.00
irsczisgjlfﬁz :ft middle 1.28 0.78; 2.11 123 072;211  193* 117,320 221*  128;3.83
dairg a,nd Iotatoés’ upper 1.04 0.62;1.73 1.40 0.78; 2.52 2.07 ** 1.26;3.40 3.12 *** 1.74;5.63
Y p score (1-point increase) 1.00 0.79; 1.28 1.17 0.92;1.49 1.26* 1.03; 1.55 1.47 ** 1.16; 1.86

bottom (ref.) 1.00 1.00 1.00 1.00
‘Semi-vecetarian’ middle 0.83 0.36; 1.91 0.75 0.42;1.34 0.68 0.42;1.10 0.57* 0.33; 0.97
& upper 0.97 0.58; 1.61 0.85 0.48; 1.50 0.46 ** 0.28; 0.75 0.31 *** 0.17; 0.56

score (1-point increase . .80; 1. A .76; 1. . .56; 0. K 49; 0.

(1-point i ) 0.98 0.80; 1.21 0.94 0.76;1.18 0.70**  0.56;0.86 0.62**  0.49;0.79

ref.—reference category; ORryge—crude model; OR,g—model adjusted for age (years), gender (men, women),
place of residence, educational level, ever smoking status (no, yes, occasionally), chronic diseases (no, yes),
taking medication (no, yes), vitamin/mineral supplements use within the last 12 months (no, yes), special diet or
intake restrictions (no, yes), and hospitalization (no, yes); 95% CI—95% confidence interval; p-value—the level of
significance was assessed by Wald's test; * p < 0.05, ** p < 0.01, *** p < 0.001.

The odds of the highest intensity of constipation complaints expressed in the upper
tercile of the PAC-SYM score were approximately three times higher among COVID-19
patients in the upper tercile of the ‘Processed high fat, sugar, salt, meat, dairy, and potatoes’
dietary pattern (OR = 3.11, 95% CI: 1.76-5.48, p < 0.001) than in the bottom tercile of this
pattern (Table 7). A one-point increase in the score of the ‘Processed high fat, sugar, salt,
meat, dairy, and potatoes” DP was associated with one and half times increased odds of
the upper tercile of the PAC-SYM score (OR = 1.50, 95% CI: 1.20-1.87, p < 0.001; Table 7).
The odds of the upper tercile of the PAC-SYM score among COVID-19 patients were lower
by 48% and 65% in the middle and upper terciles of the ‘Semi-vegetarian” DP than in the
bottom tercile of this pattern (OR = 0.52, 95% CI: 0.31-0.88, p < 0.05; OR = 0.35, 95% CI:
0.20-0.60, p < 0.001). A one-point increase in the score of the ‘Semi-vegetarian” DP was
associated with 36% decreased odds of the highest intensity of gastrointestinal complaints
(OR crude = 0.64, 95% CI: 0.51-0.81, p < 0.01; Table 7).

Table 7. Odds ratios (ORs (95% CI)) of the PAC-SYM by the adherence to the dietary patterns among
COVID-19 patients (1 = 550).

PAC-SYM
Terciles/ Terciles
Dietary Patterns
v Levels Middle (Ref. Bottom) Upper (Ref. Bottom)
ORgyge  95% CI OR,g; 95% CI  ORgge 95%CI  OR,q  95%CI

, . bottom (ref.) 1.00 1.00 1.00 1.00
I;rﬁczis;‘jlthli}; :tat middle 0.98 0.58;1.65 0.93 054,161 156 096,255 156  092;2.64
dairg a,nd ,otatoe,s’ upper 1.08 0.64; 1.84 1.38 0.76; 2.54 2.19 ** 1.35;357  3.11** 1.76;5.48
Y p score (1-point increase) 0.98 0.78;1.23 1.05 0.81; 1.35 1.32** 1.09;1.60  1.50**  1.20;1.87

bottom (ref.) 1.00 1.00 1.00 1.00
‘Semi-vesetarian’ middle 0.76 0.43;1.31 0.66 0.37;1.17 0.61* 0.38; 0.98 0.52* 0.31; 0.88
& upper 0.52* 0.31; 0.90 0.47* 0.26; 0.84  0.44 *** 0.27;0.71 0.35 *** 0.20; 0.60

score (1-point increase) 0.80 * 0.64; 0.99 0.78 * 0.61;098 0.70** 0.57;0.86 0.64**  0.51;0.81

ref.—reference category; ORyge—crude model; OR,g—model adjusted for age (years), gender (men, women),
place of residence, educational level, ever smoking status (no, yes, occasionally), chronic diseases (no, yes),
taking medication (no, yes), vitamin/mineral supplements use within the last 12 months (no, yes), special diet or
intake restrictions (no, yes), and hospitalization (no, yes); 95% CI—95% confidence interval; p-value—the level of
significance was assessed by Wald’s test; * p < 0.05, ** p < 0.01, *** p < 0.001.

The odds of the highest intensity of decreased quality of life expressed in the upper
tercile of the FACT-G7 score were more than two and four times higher among COVID-19
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patients in the middle and upper tercile of the ‘Processed high fat, sugar, salt, meat, dairy,
and potatoes’ dietary pattern, respectively (OR = 2.22, 95% CI: 1.27-3.89, p = 0.01; OR = 4.55,
95% CI: 2.43-8.50, p < 0.001) than in the bottom tercile of this pattern (Table 8). A one-point
increase in the score of the ‘Processed high fat, sugar, salt, meat, dairy, and potatoes” DP
was associated with more than one and half times increased odds of the upper tercile of
FACT-G?7 score (OR = 1.54, 95% CI: 1.21-1.97, p < 0.001; Table 8). The odds of the upper
tercile of FACT-G7 score among COVID-19 patients were lower by 55% in the upper terciles
of the ‘Semi-vegetarian’ DP than in the bottom tercile of this pattern (OR = 0.45, 95% CI:
0.25-0.78, p = 0.01). A one-point increase in the score of the ‘Semi-vegetarian’ DP was
associated with 30% decreased odds of the highest problem with the self-assessed quality
of life (OR = 0.70, 95% CI: 0.55-0.89, p = 0.01 (Table 8). The summarized findings of the
current study regarding the associations between the PCA-identified dietary patterns and
the severity of reported gastrointestinal disorders among patients with COVID-19 are
shown in Figure 3.

Table 8. Odds ratios (ORs (95% CI)) of the FACT-G7 by the adherence to the dietary patterns among
COVID-19 patients (n = 550).

FACT-G7
. Terciles
Dietary Patterns Tfrcﬂles/
evels Middle (Ref. Bottom) Upper (Ref. Bottom)
ORrude 95% CI OR,g; 95% CI ORuge  95% CI OR,g; 95% CI

Processed high fat bottom (ref.) 1.00 1.00 1.00 1.00
sugar. salt Iieat ’ middle 1.57 0.95; 2.58 1.72* 1.01; 2.95 1.96 ** 1.19;3.25  2.22%* 1.27; 3.89
dairg a/nd ’otatoejs’ upper 2.11 ** 1.25; 3.55 2.33 ** 1.26;4.32  3.32** 199,555 455**  243;8.50
Y P score (1-point increase) 1.28* 1.04; 1.60 1.33* 1.04;1.71 1.51** 1.22;1.87 154** 121,197

bottom (ref.) 1.00 1.00 1.00 1.00
‘Semi-vegetarian’ middle 0.75 0.44;1.26 0.74 0.42;1.29 0.68 0.42;1.12 0.70 0.41;1.22
& upper 0.71 0.43;1.19 0.80 0.46;1.40 042** 025,070 045*  0.25;0.78
score (1-point increase) 0.88 0.72; 1.08 0.91 0.74;1.14 0.68 *** 0.54; 0.85 0.70 ** 0.55; 0.89

ref.—reference category; ORryde—crude model; OR,4—model adjusted for age (years), gender (men, women),
place of residence, educational level, ever smoking status (no, yes, occasionally), chronic diseases (no, yes), taking
medication (no, yes), vitamin/mineral supplements used within the last 12 months (no, yes), special diet or
intake restrictions (no, yes), and hospitalization (no, yes); 95% CI—95% confidence interval; p-value—the level of
significance was assessed by Wald’s test; * p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure 3. Associations between PCA-identified dietary patterns and the severity of reported gastroin-
testinal disorders among patients with COVID-19. Created in https://BioRender.com.
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4. Discussion

To the best of the authors’ knowledge, this is the first study to comprehensively
evaluate the association between dietary patterns and the occurrence of hospitalization and
gastrointestinal disorders among patients diagnosed with COVID-19. The obtained results
showed that the adherence to the ‘Processed high fat, sugar, salt, meat, dairy, and potatoes’
pattern was associated with an increase in the intensity of gastrointestinal complaints
expressed in all three gastric scales: GSRS, PAC-SYM and FACT-G7, as well as with an
increase the odds of hospitalization due to COVID-19. Inversely, adherence to the ‘Semi-
vegetarian’ pattern decreased the intensity of gastrointestinal complaints. In regards to
hospitalization, an inverse association with the ‘Semi-vegetarian” pattern was found, but it
disappeared after adjustment.

4.1. Dietary Patterns and Severity of COVID-19

The obtained findings show that high adherence to the ‘Processed high fat, sugar, salt,
meat, dairy, and potatoes’ DP increased the occurrence of hospitalization due to COVID-19
by more than four-times. This negative effect could result from elevated consumption
of high-processed foods which are ‘empty calories” high in sugar and animal fat content,
related to positive energy balance and obesity [32]. The evidence showed that a higher
BMI is associated with an increased severity of COVID-19 and the possibility of hospital-
ization [33]. The so-called “Western diet”, composed mainly of highly processed foods, is
described as poor in the quality of micronutrient content [34]. A diet of mostly processed
foods is associated with low consumption of vegetables, legumes, and whole grains, which
are sources of essential vitamins, minerals, and nutrients [35]. Highly processed dietary
patterns may result in intestinal barrier dysfunction and increased intestinal permeability,
which may be related to inflammation [36,37]. Moreover, these dietary patterns increase ox-
idative stress by high reactive oxygen species (ROS) production and then lead to decreased
immunity, and increase the severity of viral infection. To fight this imbalance, obtaining
natural antioxidants from food is crucial [32]. In the available studies conducted during
the COVID-19 pandemic, the PCA-dietary patterns were not identified; therefore, it is not
possible to directly compare them with the results obtained in the current study. However,
many studies were focused on evaluating the dietary habits of different populations during
and after the COVID-19 pandemic, and a significant increase in the consumption of ultra-
processed foods including sweets, salty snacks, fast foods, soft drinks, and meat products
was observed [22,33,38,39]. This was explained by the lockdown and the associated longer
time spent in front of the TV or computer screen and increased stress [33]. These lifestyle
changes may have long-term effects on health [39]. To prevent this, it is necessary to avoid
or limit the consumption of highly processed foods that are high in sugar, salt, saturated
and trans fatty acids, cholesterol, and food additives. It is not possible to eliminate all
processed foods from our diet. However, there are some suggestions for the general public
to decrease the consumption of highly processed foods that have been proposed. First
of all, if you want some sweets, eat fruit, and if you want salty snacks, eat nuts or seeds,
but without salt. Instead of salt, use different herbs and spices. Instead of a sweetened
drink, add a slice of citrus to water and make lemonade. Whenever you are at home, cook,
preferably with loved ones; it is a good way to spend time together and build relationships.

Conversely to the ‘Processed” DP, high adherence to the ‘Semi-vegetarian” DP de-
creased the occurrence of hospitalization among COVID-19 patients by 66%. This beneficial
effect of the ‘Semi-vegetarian’ pattern disappeared after adjustment. This could be due to
the presence of other lifestyle factors, such as smoking, which neutralized the beneficial fea-
tures of the diet. The ‘Semi-vegetarian’ DP was characterized by a relatively high frequency
of consumption of vegetables, fruits, nuts/seeds, whole grains, legumes, milk/fermented
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milk drinks/cheese curd, eggs and fish. These features are similar to the Mediterranean
diet, which has been described as one of the healthiest diets in the world [40]. Similar
to the present results, a recent systematic review and meta-analysis provided evidence
that high-quality plant-based dietary patterns decreased the risk of hospitalization due to
SARS-CoV-2 infection by 62% [41]. Findings from single studies, including the prospec-
tive SUN Project, also indicated that better adherence to healthy dietary patterns like
the Mediterranean diet was associated with a lower COVID-19 risk and severity by 64%
and 77%, respectively [42,43]. This protective effect can be explained by several plausible
mechanisms. The main determinant of the course of infectious disease is the immune
response [44]. An appropriate immune response promotes a mild course of infection, while
the opposite situation leads to a cytokine storm and a severe course of the disease. This
is promoted by inflammation and oxidative stress. Due to their composition, diets like
Semi-vegetarian or Mediterranean provide essential vitamins, minerals, polyphenols, and
phytochemicals, which are natural antioxidants and are needed to counteract oxidative
damage and maintain an active immune response, as well as polyunsaturated fatty acids
(omega-3) with anti-inflammatory effects [32,40,44]. There is growing evidence suggesting
that the intake of antioxidants, including selenium, zinc, and vitamins D and E, above the
currently recommended levels, can improve the immune system and enhance resistance
to infection [32]. The less frequent hospitalizations in COVID-19 patients may have re-
sulted from the antioxidant and anti-inflammatory properties of these balanced dietary
patterns [37]. The beneficial role of these components in reducing the risk of infection or
having a mild course of COVID-19 was confirmed by the results of studies in which their
concentration in the blood was assessed. Many studies have shown that low blood levels
of nutrients, including vitamin D, vitamin B12, selenium, zinc, calcium, and magnesium,
were significantly correlated with an increased incidence of SARS-CoV-2 infection, severe
forms of COVID-19, and its negative clinical outcomes, including intensive care support
of the patients, and worse survival of COVID-19 [44-49]. These findings suggest that the
mentioned nutrients have a potential role as biomarkers of COVID-19 progression, and
their deficiencies indicate a poor prognosis in patients with COVID-19 [49].

4.2. Dietary Patterns and Gastrointestinal Disorders

In this study, it has been shown that gastroenterological disorders predominated in
the group of people with an upper tercile of the processed pattern. Perhaps this is related
to the salty snacks’ intake, low physical activity in lockdown or unhealthy dietary choices
such as sugary snacks, honey, sweetened milk drinks and yogurts and salty snacks. What
is crucial to mention is that manifestation of GI disorders was conditioned by the location
of ACE2 receptors used by SARS-CoV-2 to enter the cells in the gastrointestinal tract, which
independently caused digestive disorders in some infected patients [8,9]. There are not
many studies that have used the Gastrointestinal Symptom Rating Scale (GSRS), PAC-SYM
and FACT-G7 in relation to COVID-19 demonstrating the influence of diet quality on the
score on these scales. There are research results available that discuss the low FODMAP
diet or probiotic therapy, which are beyond the scope of this work.

In this study, a high dietary processing level was associated with heartburn. Partic-
ipants who had the highest processed diet intake were more likely to report heartburn
symptoms but not reflux symptoms. Heartburn is an unpleasant burning sensation in the
esophagus that occurs as a result of stomach contents flowing back into the esophagus (gas-
troesophageal reflux). Foods and eating habits that increase the risk of heartburn include
frequent consumption of fatty foods, fried foods, fast food or fatty meats, chocolate, alcohol
or carbonated drinks, which can lead to a weakening of the lower esophageal sphincter,
which facilitates the reflux of stomach acids [50-52]. Due to the difficult digestion of fatty
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foods, the time it takes for the stomach to digest the contents is longer, which additionally
increases the risk of heartburn. In this study, the infection itself was a factor in the occur-
rence of heartburn and respondents with the DP1 dietary pattern showed more frequent
consumption of processed meals, possibly worsening the sensation of this gastrointestinal
disorder. In 2019, a study by Kaminski et al. [53] was published, which pointed out that
searching for information on the Internet on heartburn was high in developed countries,
where the Western diet prevails as dietary pattern. Interestingly, the study showed that
in some countries such as Canada, Germany, Poland, and the United Kingdom, query
numbers were significantly lower in summer but higher in colder seasons. This observation
could be explained by seasonal variations in fat dietary intake since there is less access
to fresh seasonal vegetables and fruits in these countries in autumn and winter than in
summer [53]. The presence of fatty foods in the duodenum can stimulate a release of
cholecystokinin, which reduces the pressure of the lower esophageal sphincter, leading
to gastroesophageal reflux [54]. In another study conducted through an online survey of
1146 participants, it was shown that the prevalence of GERD was higher in non-vegans
(11%) than in vegans (6%) [55]. These results confirm other reports that vegetarian diets
and no intake of meat were negatively related to gastroesophageal reflux disease (GERD),
while meat (daily meat, fish, and egg intake) and fat (high-fat diet) consumption were
positively related to GERD [56].

Bloating is another GI problem due to worse tolerance of dietary fiber and it can be
related to a disadvantageous microbiota composition or changes, long-term constipation
or lower physical activity, that are common in times of high technical development or
lockdown related to the COVID-19 pandemic. As bloating and breaking wind/gases can
be a normal response to drastic changes in diet, such as a rapid increase in dietary fiber
intake, it is caused by low consumption of this ingredient over a specific period of time.
In an observational study conducted by Mitsou et al., it was shown that adherence to the
Mediterranean Diet (MD) is associated with a decrease in bloating and increase in fecal
moisture and defecation frequency [57]. Individuals in the high compliance to MD tercile
reported a greater total number of bowel movements over the seven-day period compared
to the low-adherence tercile but no differences in the Bristol stool scale were detected. What
is more, scores of pain, bloating and the sum of gastrointestinal symptoms were higher in
the high-adherence tercile compared with the low-adherence tercile [57]. Similar results
were provided by the study by Barber et al., which compared the Mediterranean and
Western diets [58]. The MD was associated with significantly higher scores of rumblings,
also known as borborygmi, and sensations of flatulence than the Western diet. The MD was
associated with more stool output and a softer stool consistency compared to the Western
diet, but no differences in the number of daily bowel movements were observed [58]. This
may be explained by the influence of abrupt changes in nutrition, more precisely the con-
sumption of a high-fiber MD diet, on the increased fermentation process of the microbiota
during the production of bacterial metabolites, which manifests itself as flatulence in the
first weeks after the intervention.

Constipation is defined as difficulties in passing the stool, fewer bowel movements
and a hard, compact consistency of the stool that can be measured by Bristol stool scale.
Functional constipation is characterized by repetitive difficult, incomplete, or infrequent
defecation, and affects approximately 10.1% (Rome IV criteria) of the worldwide population
of adults, resulting in considerable reductions in quality of life [59-61]. The most common
dietary factor associated with constipation is insufficient amount of soluble and insoluble
fiber in daily nutrition. Soluble fiber (found in fruit, flax seeds, and oats) binds water, which
helps create a soft consistency of the stool. Insoluble fiber (found in whole grains, vegeta-
bles, and seeds) accelerates food passage through the intestines, preventing the stool from
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dehydrating. Four weeks of supplementation with fiber (polydextrose, oligosaccharides,
psyllium husk, or wheat bran) or increasing its intake in consistently constipated individu-
als resulted in a significant increase in bowel movements frequency but not in the placebo
group [62]. In another study it was found that consumption of green kiwifruit for four
weeks was associated with a clinically relevant increase in complete spontaneous bowel
movements per week and significantly improved measures of gastrointestinal comfort in
constipated participants [63]. Participants of this study showing an upper tercile in the DP1
were characterized by lower consumption of fiber-rich products of both factions, which
positively correlated with increased intensification of the reported hard stools or painful
bowel movements. This observation confirms the role of a diet poor in sources of food fiber
in deterioration of the regularity of defecation.

4.3. Dietary Factors Contributing to Intestine Wall Maintenance

Gut health is a key element of overall well-being. In recent years, more and more
research has confirmed that nutrition has a direct impact on the functioning of the digestive
system, and in particular the intestines and other organs [63-69]. Quality of nutrition
directly affects the condition of gut function. A diet rich in whole grains, vegetables, fruits
and fermented products supports digestion and indirectly protects against pathogens. This
is mainly due to SCFAs production by the microbial fermentation of prebiotics, such as
dietary fiber [70]. As SCFAs production depends on modulation by the diet microbiome,
it is obvious that nutrition has the potential to regulate the immune system. A change in
diet is a decisive stimulus provoking quick changes in the composition of the microbiota,
even within 24 h [71]. However, it is important that permanent, clinically significant
changes occur with long-term habits and repeated activities that in summary create dietary
patterns [58]. The dietary choices of the respondents of this study could be dictated by
social distance, lockdown, remote work, stress, reduced physical activity and finally more
time spent on snack consumption [72-74]. Despite the fact that the pandemic has ended,
some people continue to live in a similar way: they present negligible physical activity and
adverse dietary choices and the result is overweight or obesity.

One of the most important elements of the diet that affect intestinal transit and immune
system functions is the form and amount of daily dietary fiber. It comes in two main
fractions: soluble and insoluble. Soluble fiber, present in fruits, vegetables, and legumes,
among others, creates a gel in the intestines that regulates bowel movements. Insoluble
fiber, found in whole grains, speeds up the passage of food through the intestines, which
helps prevent constipation. SCFAs such as acetate, butyrate and propionate are metabolites
produced from fiber and they strengthen the mucosal barrier via its trophic properties for
intestinal epithelial cells [75]. A lower abundance of SCFAs producers may be related to the
‘leaky gut’ hypothesis due to increased serum zonulin and upregulated pro-inflammatory
cytokines (TNF-o,, HMGB-1, IL-6, IL1-ra, and MIP-1f3) [75]. As an example, for a diet rich
in diverse nutrients and micronutrients, and fiber of both fractions, the recommendations
of the Mediterranean diet may be considered the gold standard.

4.4. Strengths and Limitations

This study comprehensively presents associations between dietary patterns and the
occurrence of hospitalization and gastrointestinal disorders among patients diagnosed
with COVID-19. Three tools, GSRS, PAC-SYM and FACT-G7, were taken into account
in assessing the severity of gastrointestinal disorders. Another strength of this study is
that the respondents’” diets were assessed by PCA-derived dietary patterns, not based
on a single food component intake. The dietary pattern identification approach is the
currently recommended approach for disease associations [25]. In dietary data collection, a
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validated interviewer-administered FFQ was used [24]. Finally, in the adjusted model of
the occurrence of hospitalization and gastrointestinal disorders, a wide range of potential
confounders, including socioeconomic, lifestyle, and medical factors, were also taken
into account.

This study also had some limitations related to its retrospective design. Compared
to prospective studies, we could not assess the effect of diet on the risk of hospitalization
and the severity of gastrointestinal disorders among patients with COVID-19. Only the
assessment of the associations between these variables was possible [76,77]. Next, dietary
data were obtained based on the food frequency consumption during the last twelve
months before participation in this study. These data may be burdened by respondents’
memory bias [76]. In addition, respondents tend to overestimate the consumption of pro-
healthy foods such as vegetables or fruits and underestimate the consumption of foods
known as unhealthy such as sweets or fast foods. Another limitation of the study was a
lack of measurements of blood concentration of nutrients, which are biomarkers of nutrient
intake from all sources, including diet and supplements, and endogenous synthesis, as well
as not influenced by a recall bias [76,77]. However, the results of blood tests during the
disease could be influenced by the severity of disease, and then lead to reverse causation.
Therefore, the measurements of the blood concentration of nutrients would be justified in
prospective studies, at the beginning of the COVID-19 diagnosis and during treatment [47].

4.5. Clinical Impact and Future Directions

The COVID-19 pandemic, caused by SARS-CoV-2, has highlighted the potential role
of nutrition in modifying disease severity and outcomes. This is confirmed by the results of
our findings, where patients with COVID-19 whose diet was based on processed foods were
more likely to require hospitalization and reported gastrointestinal complaints. Therefore,
the present findings indicate the need for education and the implementation of healthy
dietary principles in the prevention of both diseases, non-communicable and communicable.
This approach could be an effective strategy to reduce the risk of severe diseases by
implementing simple dietary principles at the population level. Furthermore, to better
understand the role of nutrients and the mechanisms of their influence on the risk of
infection and its course, as well as other health implications, further randomized clinical
trials are needed among patients with infectious diseases, where, in addition to dietary data,
blood levels of nutrients will be monitored and taken into account in the treatment protocol.

5. Conclusions

The present study provides interesting insight into the importance of diet on the sever-
ity of infectious diseases, for example COVID-19, and reported gastrointestinal disorders.
The obtained findings have shown strong harmful effects of high adherence to a processed,
high fat, sugar, salt, meat, dairy, and potatoes dietary pattern, with an increased incidence
of hospitalization and gastrointestinal disorders among northwestern Polish adults dur-
ing the COVID-19 pandemic. On the other hand, there was a strong beneficial effect of
high adherence to a balanced semi-vegetarian pattern regarding a decreased incidence of
gastrointestinal disorders and a slight beneficial effect on reduced hospitalization due to
COVID-19.

The obtained results confirm that nutrition is not only important in the context of
preventing non-communicable diseases, but may be also important in the prevention of
infectious diseases in an indirect way. Prevention of infectious diseases will depend on the
efficiency of the immune system, and thus the nutritional status, which ultimately depends
on the quality of the diet. Based on the findings obtained, to strengthen the immune
system for the prevention of infectious diseases, it is recommended to primarily limit the



Nutrients 2025, 17, 800 20 of 24

consumption of highly processed foods and increase the quality of the diet by choosing
mainly plant-based diets with added fish and a limited amount of meat. These dietary
models are called Semi-vegetarian or Mediterranean, and they contain all nutrients, which
makes them balanced and valuable.
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