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Abstract

Objectives: We aimed to identify the risk factors for coronavirus disease 2019 (COVID-19)-
associated hospitalization to provide evidence for improved clinical care of patients with COVID-
|9 infection.

Methods: We conducted a cross-sectional study among 300 participants. The collected data
comprised sociodemographic data, lifestyle habits, physical activity, medical history, anthropo-
metric measurements, COVID-|9-related symptoms, dietary habits prior to and after COVID-19
infection, and psychological status.

Results: Fifty-nine participants were hospitalized. Fever, dry cough, joint pain, chills, diarrhea,
and shortness of breath were significantly associated with hospitalization owing to COVID-19.
Adults with obesity, diabetes mellitus, hypertension, respiratory diseases, and cardiovascular
diseases had higher rates of hospitalization. The findings also showed that residential area and
age were related to COVID-19 hospitalization. Furthermore, our analysis revealed that certain
dietary habits were associated with hospitalization rates.

Conclusion: Our study confirmed that older age, urban residence, illiteracy, obesity, hyperten-
sion, diabetes mellitus, respiratory diseases, cardiovascular diseases, and symptoms of loss of
smell and sneezing elevated the risk of hospitalization among patients with COVID-19 infection.
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Patients with a higher risk of hospitalization may benefit from targeted therapeutic and preventive

interventions.
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Introduction

The first case of coronavirus disease 2019
(COVID-19) was reported in Wuhan,
China in December 2019. This disease is
caused by a virus belonging to the corona-
virus family called severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2),
which spread globally over a short
period.! In March 2020, the World Health
Organization (WHO) categorized COVID-
19 as a global pandemic.”

As of 22 May 2021, there have been
166,513,727 confirmed cases of COVID-19
infection and 3,458,945 COVID-19-related
deaths worldwide.® In Palestine, the first
case of COVID-19 infection was confirmed
on 5 March 2020 after a group of Greek
tourists who visited a hotel in late
February tested positive for SARS-CoV-2.
As of 22 May 2021, there have been 333,810
COVID-19 cases and 3720 COVID-
19-related deaths in the country.*

The early symptoms of COVID-19 infec-
tion include dry cough, fatigue, shortness of
breath, and fever.® Severe complications
including cardiomyopathy, acute respirato-
ry injury, severe pneumonia, septic shock,
and acute respiratory distress syndrome
have been reported in 33% of infected
patients.® Earlier studies indicate that
older people, especially those with health
problems, have a greater probability of
developing serious symptoms of this viral
infection’®

During the 2009 pandemic of influenza
A virus HINI, a strong relationship
between influenza infection and obesity
was noted. During that period, it was
observed that obese individuals had a high
risk of severe disease, high rates of mortal-
ity, and increased  hospitalization.’
Similarly, a link has been observed between
body weight status and the severity of
COVID-19 symptoms.'® Overweight and
obesity are considered a public health
issue worldwide, and these factors increase
the risk of severe COVID-19 infection.'!
This situation increases the burden on
health care systems, with increased likeli-
hood of collapse.'” A sedentary lifestyle
has also been indirectly!® and directly
linked with weak immunity via a circular
relationship between obesity and
inactivity.'*

Researchers have reported that older
patients have a greater risk of experiencing
severe symptoms of COVID-19 infection.'?
Early studies have pointed out that certain
chronic diseases, such as pulmonary and
cardiovascular diseases as well as hyperten-
sion, can increase disease severity among
individuals affected with COVID-19, there-
by leading to an increase in the rates of
hospitalization and mortality.>
Nonetheless, several risk factors associated
with the severity of this disease remain
ambiguous.'®

Unhealthy dietary patterns (e.g., exces-
sive consumption of empty-calorie foods;
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foods high in cholesterol, trans-fatty acids,
saturated fatty acids, and salt; and low con-
sumption of fruits and vegetables) are con-
sidered the primary contributor to the high
prevalence of chronic disease and obesity."”
Indeed, past reports indicate that certain
dietary habits may influence inflammatory
markers related to low-grade systematic
inflammation.'”® As a rule, low-grade
inflammation is linked to interleukin (IL)-
10 and IL-17 ratios; IL-17 has a fundamen-
tal role in host defense against inflamma-
tion and infection via generation of
antimicrobial peptides and absorbing
neutrophils.'’

Certain risk factors have a potential
influence on the likelihood of being hospi-
talized owing to COVID-19 infection.
Therefore, in the current study, we aimed
to explore the relationship of demographic
characteristics, lifestyle factors, clinical fac-
tors, comorbidities, and dietary habits with
COVID-19 hospitalization. Our study find-
ings will assist in identifying appropriate
clinical care and treatment to improve the
health status of patients with COVID-19
infection.

Methods

Study design, setting, and population

This cross-sectional study was performed
among a representative sample of recovered
patients with COVID-19 infection in
Hebron city, Palestine.

Sample determination

Participants were recruited using voluntary
non-random sampling. The sample size was
determined using G power software with an
alpha of 0.05 (two-sided) and 90% power,
the input parameter, and logistic regression.
The sample size was calculated using
different odds ratio values from a previous
study®” for different predictors

(age, comorbidities, sex). The largest
sample size was considered. A minimum
of 285 participants was needed to determine
predictors of hospital admission. After con-
sidering a 10% drop out rate (missing data,
invalid data, or meeting the exclusion crite-
ria), the sample size was increased to 313
participants.

The inclusion criteria were participants
over 18 years old who had recovered from
COVID-19 infection and were willing to
participate and to provide all the required
data. The exclusion criteria were individuals
who did not consent to participate in the
study and those who had missing primary
data. Participants were recruited via
announcements published on social net-
works (e.g., Facebook, Instagram, Twitter).

Ethical considerations

The research protocols were in accordance
with the Declaration of Helsinki and
reported in line with the STROBE checklist
for reporting cross-sectional studies. The
study protocol was approved by the
Deanship of Scientific Research Ethical
Committee at  Palestine  Polytechnic
University (approval number KA/41/2019).
Permissions and approval to conduct the
study were obtained from the Palestinian
Ministry of Health. Informed written and
verbal consent was collected from all partic-
ipants prior to data collection.

Data collection and research instruments

An interview based on a pre-tested ques-
tionnaire was administered to the included
participants. Data collection began in
August 2020 and ended in December 2020
and was conducted by a group of four
nutritionists. Participants were briefed on
the objective of the study; then, the ques-
tionnaires were administered upon receiv-
ing verbal consent from each patient. The
collected data included sociodemographic
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data, lifestyle habits, medical history,
anthropometric measurements, psychologi-
cal status, COVID-19 symptoms, and
habits prior to and after COVID-19
infection.

Demographics and lifestyle habits. Questions
addressed demographic data, including
age, sex, marital status, residential area,
living arrangements, and income. Data
regarding lifestyle habits (e.g., smoking,
physical activity) were elicited from the
patients.

Medical history. Medical history included
self-reported presence of disease (e.g., dia-
betes mellitus, hypertension, respiratory
diseases, cardiovascular diseases, kidney
diseases, gastrointestinal diseases, liver dis-
eases diabetes) and self-reported blood type
(A", A",B",B7, 0", 0O, AB", AB").

Anthropometric measurements. Anthropometric
indices including weight and height were
used to assess the nutritional status of par-
ticipants. Height and body weight were
measured according to the standard anthro-
pometric procedures described by Lee and
Nieman.?! Body mass index was calculated
as body weight in kilograms divided by
height in meters squared (kg/m?), and was
classified according to WHO cutoffs.??

Psychological status. In this part of the ques-
tionnaire, participants were asked three
questions to assess their psychological
status owing to the COVID-19 pandemic
(e.g., need for psychological counseling,
feelings of anxiety and fear, and behaviors
when suspecting infection with COVID-19).

COVID-19 symptoms. Participants were asked
about the presence of COVID-19-related
symptoms (fever, dry cough, sneezing,
headache, joint pain, chills, diarrhea, short-
ness of breath, loss of smell, loss of taste,

runny nose), the duration of symptoms, and
duration of infection.

Dietary habits prior to and during COVID-19
infection. This section focused on eliciting
data regarding participants’ dietary habits
(e.g., vitamin deficiency, number of meals
per day, number of snacks per day and
type, number of servings of fruits and veg-
etables/carbohydrates/dairy products/
meats consumed daily, the type and fre-
quency of meats consumed weekly, con-
sumption of sweetened beverages, type of
bread consumed, and increased consump-
tion of foods that boost immunity) and par-
ticipants’ physical activity (e.g., duration of
physical activity) prior to COVID-19
infection.

The following two items were also
included in this section of the questionnaire:
(1) participants’ use of dietary supplements,
(2) participants’ need for hospitalization
owing to COVID-19 infection.

Statistical analysis

We used IBM SPSS, version 21 to analyze
the collected data (IBM Corp., Armonk,
NY, USA). A 5% alpha level and 80%
power were considered in all of the statisti-
cal tests. The results of descriptive analysis
are reported as mean and standard devia-
tion for continuous data, and categorical
data are described using number and per-
centage. To determine the risk factors for
hospitalization, we conducted univariate
analysis using Fisher’s exact test. Further
analysis was done wusing hierarchical
binary logistic regression to determine the
risk factors for hospitalization in a multi-
variate model. We checked logistic assump-
tions, multicollinearity, and outliers. To
determine how well the model fit the data,
we used the Hosmer—Lemeshow goodness-
of-fit test.



Hamdan et al.

Results

Participant characteristics

Figure 1 shows the steps followed in partic-
ipant enrollment. Among the total of
312 participants, only 300 were included
in the final analysis: 165 (55.0%) women
and 135 (45.0%) men. The remaining

participants were excluded, mainly owing
to missing data.

Table 1 shows the sociodemographic
characteristics of our study population.
Participants were 45.0% men and 55.0%
women. The mean age of participants was
30.54+12.2 years, ranging from 18 to
77 years. The analysis revealed that half
of enrolled participants (50.7%) were

(312) Total participants agreed to take a

part in the study

12 participants were
excluded due to missed
data.

(300) participants were included in the final

analysis

Figure |. Participant recruitment.

Table |I. Participants’ sociodemographic characteristics according to sex.

Men (n=135) Women (hn=165)  Total (n=300)
Variables n % n % n %
Marital status Married 68 50.4 80 48.5 148 49.3
Unmarried (single, 67 49.6 85 51.5 152 50.7
widowed, divorced)
Educational level No formal education 21 15.6 16 9.7 37 12.3
High school or equivalent 25 18.5 33 20.0 58 19.3
College and above 89 65.9 16 70.3 205 68.3
Type of housing With family 19 88.1 157 95.2 276 92.0
Alone 16 1.9 8 48 24 8.0
Residential area Urban 64 474 61 37.0 125 42.0
Camplvillage 71 52.6 103 62.4 174 58.0
Employment status Working 95 70.4 71 43.0 166 553
Not working 40 29.6 94 57.0 134 447
Monthly income <1500 NIS 16 1.9 17 10.3 33 11.0
1500-5000 NIS 87 64.4 109 66.1 196 65.3
>5000 NIS 32 23.7 39 23.6 71 23.7

NIS, Israeli new shekel.
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unmarried. Only 12.3% of participants did not
complete high school. Approximately half of
the study population (58%) was living in
either a camp or village and was not working
(44.7%). Most participants (92.0%) were
living with their family (e.g., spouse/siblings/
parents) and 65.3% had a monthly income
of 1500 to 5000 Israeli new shekels.

Participant lifestyles

The findings showed that most participants
(70.3%) were non-smokers. Moreover,
42.7% (n = 128) of participants reported
engaging in physical activity, with a mean
duration of 45+22.1 minutes per week
(data not shown).

Nutritional status

Figure 2 shows that slightly more than half
of participants had a normal weight
(53.7%) and only 3.4% were classified as
underweight.

Medical history

Hypertension was prevalent among our
participants (12.1%) whereas liver and

100%
90%
80%
70%
60%
50%

2%
4%

Underweight

® Males ® Females

kidney discases were the least common
(1.3%). In our sample, the rarest blood
type was B~ (4.4%) whereas the most
common was A~ (33.7%).

Patients’ psychological status

Most participants did not need psychologi-
cal counseling (65.7%); however, more than
half (55.3%) reported having feelings of
fear and anxiety during the COVID-19 pan-
demic. Nearly half of participants (45.0%)
reported that they sought out a health care
professional if they suspected COVID-19
infection. Our analysis also revealed that
fear and anxiety during the pandemic was
significantly more prevalent among women
than men (p <0.05).

Prevalence of hospitalization

Our analysis revealed that most partici-
pants (80.3%) were not hospitalized owing
to COVID-19 infection; only 59 partici-
pants (19.7%) reported being hospitalized.

40%

30%

20%

CTY T
v e I e

Normal Weight

Overweight Obese

m Total

Figure 2. Weight categories of participants based on body mass index, according to sex.
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COVID-19 symptoms

Overall, the most frequently reported
COVID-19 symptoms were fever, headache,
and joint pain, with 72%, 70.3%, and
69.7%, respectively. The least frequently
reported symptoms among our participants
were runny nose and sneezing, with 31.0%,
and 35.0%, respectively. The mean dura-
tion of losing the sense of smell or taste
was 31.4+39.9 days. Half of participants
(50.7%) reported that COVID-19 symp-
toms lasted for 2 weeks and only 24 partic-
ipants  reported  having COVID-19
symptoms for more than a month.
Furthermore, over half of participants
(59.7%) made a full recovery within 2
weeks; a small proportion of participants

Table 2. Dietary habits prior to COVID-19 infection.

(5.7%) needed more than 1 month before
making a full recovery.

Dietary habits before COVID-19 infection

Table 2 shows participants’ lifestyle and
dietary habits prior to COVID-19 infection.
Nearly half of participants (45.0%) con-
sumed three meals per day, and 40.7%
reported consuming one snack per day.
Most participants reported consuming
fruits and vegetables (72.0%) and meat
products (93.0%) and fewer consumed
dairy products (60.7%) and white bread
(62.3%). All types of meat including poul-
try, fish, red meat, and processed meat were
consumed with a mean frequency of 2.8 +
1.0 times/week by 62.8% of participants.

Men Women Total
n (%) n (%) n (%)

Number of meals/day One 8 (5.9) 14 (8.5) 22 (7.3)
Two 49 (36.3) 69 (41.8) 118 (39.3)
Three 68 (50.4) 67 (40.6) 135 (45.0)

Four 5(3.7) 12 (7.3) 17 (5.7)

More than four 5(3.7) 3 (1.8) 8 (2.7)
Number of snacks/day One 5| (37.8) 71 (43.0) 122 (40.7)
Two 2 (38.5) 64 (38.8) | I6 (38.7)
More than two 2 (23.7) 30 (18.2) 2 (20.7)
Physical activity Yes 62 (45.9) 66 (40.0) I28 (42.7)
No 73 (54.1) 99 (60.0) 172 (57.3)
Type of physical activity Walking 23 (37.1) 31 (47.0) 54 (42.2)
Exercising at home 21 (33.9) 28 (42.4) 49 (38.3)
Exercising at gym 18 (29.0) 7 (10.6) 25 (19.5)
Daily consumption of Yes 104 (77.0) 112 (67.9) 2I6 (72.0)
fruits and vegetables No 31 (23.0) 53 (32.1) 84 (28.0)
Daily consumption of Yes 60 (44.4) 58 (35.2) 118 (39.3)
dairy products No 75 (55.6) 107 (64.8) 182 (60.7)
Daily consumption of Yes 128 (94.8) 151 (91.5) 279 (93.0)

meat products No 7 (5.2) 14 (8.5) |1 (7.0)
Type of bread consumed Whole wheat 37 (27.4) 52 (31.5) 9 (29.7)
White 87 (64.4) 100 (60.6) I87 (62.3)

Other (e.g., tortilla, bagel) I (8.1) 13 (7.9) 24 (8.0)
Consumption of Yes 64 (47.4) 73 (44.2) 137 (45.7)
sweetened beverages No 71 (52.6) 92 (55.8) 163 (54.3)
Consumption of canned foods Yes 62 (45.9) 71 (43.0) 133 (44.3)
No 73 (54.1) 94 (57.0) 167 (55.7)
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Furthermore, the analysis revealed that
participants consumed a mean 2.2+ 1.0
servings/day of fruits and vegetables,
5.0+ 1.6 servings/day of meat, and 1.6+
0.5 servings/day of dairy products.
Approximately half of participants reported
that they did not consume either sweetened
beverages (54.3%) or canned foods
(55.7%).

Dietary habits during COVID-19 infection

Table 3 shows the dietary habits followed
by participants during COVID-19 infection.

Table 3. Dietary habits during COVID-19 infection.

More than half of participants reported
that they did not take dietary supplements
(62.3%) and did not change their dietary
habits (61.7%) during the period of infec-
tion. Our analysis revealed that nearly half
of participants consumed three meals per
day (44.7%) had two snacks per day
(46.3%). Furthermore, 38.0% of partici-
pants engaged in physical activity with a
mean duration of 44.5+ 29.4 minutes/day.
Most participants consumed fruits and veg-
etables (65.7%) and meat products
(92.7%); 67.3% consumed dairy products
and 61.7% reported consuming white

Men Women Total
Variables n (%) n (%) n (%)
Taking dietary supplements Yes 49 (36.3) 64 (38.8) 113 (37.7)
No 86 (63.7) 101 (61.2) 187 (62.3)
Change in dietary habits Yes 51 (37.8) 64 (38.8) 115 (38.3)
No 84 (62.2) 101 (61.2) 185 (61.7)
Number of meals/day One 12 (8.9) 23 (13.9) 35 (11.7)
Two 41 (30.4) 60 (36.4) 101 (33.7)
Three 65 (48.1) 69 (41.8) 134 (44.7)
Four 12 (8.9) 10 (6.1) 22 (7.3)
More than four 53.7) 3(1.8) 8 (2.7)
Number of snacks/day One 37 (27.4) 64 (38.8) 101 (33.7)
Two 67 (49.6) 72 (43.6) 139 (46.3)
More than two 31 (23.0) 29 (17.6) 60 (20.0)
Physical activity Yes 59 (43.7) 55 (33.3) 114 (38.0)
No 76 (56.3) 110 (66.7) 186 (62.0)
Daily consumption of Yes 80 (59.3) 117 (70.9) 197 (65.7)
fruits and vegetables No 55 (40.7) 48 (29.1) 103 (34.3)
Daily consumption of Yes 40 (29.6) 58 (35.2) 98 (32.7)
dairy products No 95 (70.4) 107 (64.8) 202 (67.3)
Daily consumption of Yes 128 (94.8) 150 (90.9) 278 (92.7)
meat products No 7 (5.2) 15 (9.1) 22 (7.3)
Type of bread consumed Whole wheat 36 (26.7) 49 (29.7) 85 (28.3)
White 86 (63.7) 99 (60.0) 185 (61.7)
Other (e.g., tortilla, bagel) 13 (9.6) 17 (10.3) 30 (10.0)
Consumption of Yes 29 (21.5) 30 (18.2) 59 (19.7)
sweetened beverages No 106 (78.5) 135 (81.8) 241 (80.3)
Consumption of canned foods Yes 18 (13.3) 20 (12.1) 38 (12.7)
No 117 (86.7) 145 (87.9) 262 (87.3)
Eating immunity-boosting foods Yes 96 (71.1) 123 (74.5) 219 (73.0)
No 39 (28.9) 42 (25.5) 81 (27.0)
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bread. Approximately 39.9% of partici-
pants reported consuming red and proc-
essed meat, with a mean frequency of
2.8 £ 1.0 times/week. Our analysis revealed
that participants consumed a mean 3.0 £
1.4 servings/day of fruits and vegetables,
1.8 £0.8 servings/day of meat, and 1.8 +
0.6 servings/day of dairy products. Most
participants reported that they did not con-
sume either sweetened beverages (80.3%) or
canned foods (87.3%). Unsurprisingly,
approximately three-quarters of respond-
ents (73.0%) reported consuming immunity
boosting foods.

Hospitalization and participants’
sociodemographic characteristics

The results of univariate and multivariate
analyses for sociodemographic variables
showed that area of residence and age
were related to hospitalization (Table 4).
Hospitalization was significantly more
common among participants older than
age 40 years (p<0.001) and living in
urban areas (p=0.001), in comparison
with their counterparts. Participants aged
more than 40 years were 0.2 times more
likely to be hospitalized than those aged
18 to 40 years, and respondents living in
urban areas had a 3.6-times higher risk of
being hospitalized as compared with their
counterparts. Additionally, univariate anal-
ysis revealed that educational level was a
significant predictor of hospitalization
(p=0.014). Educational level was associat-
ed with a 1.2-times increased risk of hospi-
talization, as shown in Table 4.

Hospitalization and participants’
medical history

With respect to participants’ medical pro-
file, diabetes mellitus, hypertension, and
respiratory diseases were associated with
being hospitalized in univariate analysis
(Table 5), as compared with participants

who did not have these comorbidities.
Participants with either respiratory diseases
or diabetes mellitus were 0.3 times more
likely to be hospitalized than their counter-
parts whereas those with hypertension had
a 0.4-times higher risk of being hospitalized
in comparison with those who did not have
hypertension. Cardiovascular diseases were
also related to hospitalization in both uni-
variate and multivariate analysis. The pro-
portion of non-hospitalized patients was
significantly lower among those without
cardiovascular diseases (9.1%) as compared
with patients who had cardiovascular dis-
eases (90.9%). Participants with cardiovas-
cular disease were 0.1 times more likely to
be hospitalized than those without cardio-
vascular disease.

Hospital admission and participants’
habits before and during COVID-19
infection

Multivariate analysis and univariate analy-
sis confirmed that the number of snacks
consumed per day before COVID-19 infec-
tion was a significant predictor of hospital-
ization. The number of snacks consumed
per day prior to being infected with
SARS-CoV-2 increased the risk of hospital-
ization by 0.6 times. Moreover, multivariate
analysis revealed that the number of meals
consumed per day prior to COVID-19
infection was a significant predictor of hos-
pitalization. The number of meals con-
sumed per day before being infected with
SARS-CoV-2 decreased the risk of hospi-
talization by 0.5 times, as shown in
Table 6. In terms of anthropometric meas-
urements, BMI showed a significant associ-
ation with hospitalization in  both
univariate and multivariate models. We
observed that the prevalence of hospitaliza-
tion was significantly more common among
obese participants (40.0%) compared with
normal-weight participants (12.6%).
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Table 6. Risk factors for hospital admission.

Exp (B)

Factors Exp (B), CI p-value for the model
Age >40 years 1.5 (0.60-3.60) 0.092 4.35%
Urban residence 1.3 (1.11-4.73) 0.190
Diabetes 1.2 (0.16-0.72) 0.07
Hypertension I.1 (0.46-2.14) 0.145
Respiratory diseases 1.3 (0.59-3.07) 0.480
Cardiovascular disease 1.7 (0.68-3.29) 0.175
Obesity 1.4 (0.99-3.89) 0.088
Shortness of breath 1.7 (0.81-3.72) 0.045
Loss of smell 2 (0.60-0.77) 0.14
Loss of taste 2 (1.10-14.3) 0.009
Runny nose I 3 (0.62-2.55) 0.017
Snacks and meals/day prior to 0.5 (0.337-3.01) 0.08

COVID-19 infection
Daily consumption of red meat 1.3 (0.86-5.3) 0.146

prior to COVID-19
Taking supplements during 1.5 (0.623-5.63) 0.017

COVID-19 infection
Consuming fewer than three 1.6 (0.28-4.5) 0.18

meals/day during COVID-19 infection
Consuming more fruits and vegetables 0.85 (0.489-2.81) 0.093

during COVID-19 infection
Less consumption of meat during |.5 (0.82-2.49) 0.062

COVID-19 infection

*Significant at p < 0.05 using hierarchal binary logistic regression.

Cl, confidence interval.

Obesity increased the risk of hospitalization
by 0.4 times (Table 7).

Both models showed that taking dietary
supplements and daily consumption of
meat products during the period of
COVID-19 infection were associated with
hospitalization. Interestingly, we noted
that the frequency of hospitalization was
significantly more prevalent among partic-
ipants who did not consume meat products
on a daily basis (40.9%) and those who
took dietary supplements (25.7%) during
the period of COVID-19 infection, in com-
parison with their counterparts who con-
sumed meat products daily (18.0%) and
did not take dietary supplements (9.7%).
Participants who were taking dietary sup-
plements and were not consuming meat on

a daily basis were 0.3 times more likely to
be hospitalized (Table 8). In the multivari-
ate analysis, the number of meals and
snacks consumed per day during the infec-
tion period was shown to be a significant
risk factor for hospitalization. The number
of meals consumed per day during the
infection period increased the risk of being
hospitalized by 1.7 times. Our univariate
analysis also revealed that the prevalence
of hospitalization was significantly higher
among participants who changed their die-
tary habits during the infection period
(27.8%) and consumed fruits and vegeta-
bles on a daily basis (22.8%) compared
with those who did not do so (14.6%).
Participants who changed their dietary
habits during the period of COVID-19
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infection had a 1.5-times higher risk of
being hospitalized than those who made
no changes to their dietary habits during
infection. Moreover, daily consumption of
fruits and vegetables increased the risk
of hospitalization by 1.7 times (Tables 6,
8, and 9).

Hospital admission and participants’
symptoms

Participants with the following symptoms
were hospitalized less often than expected:
fever, dry cough, joint pain, chills, diarrhea,
shortness of breath, and loss of taste. Other
symptoms, including loss of smell and
sneezing, resulted in hospitalization rates
that were greater than expected (p < 0.05).

We performed an analysis of all signifi-
cant variables. The analysis revealed that
participants who had a loss of taste were
2.2 times more likely to be hospitalized
than those who did not have a loss of
taste, and patients with shortness of
breath were 1.7 times more likely to be hos-
pitalized than those who did not have this
symptom. We also found that participants
who were taking dietary supplements during
the period of COVID-19 infection had a 1.5-
times higher risk of being hospitalized than
their counterparts. Furthermore, we noted
that participants with symptoms of a runny
nose had a 1.3-times higher risk of being hos-
pitalized than their counterparts without this
symptom.

Discussion

In the current study, we targeted demo-
graphic characteristics, medical history,
signs and symptoms, and dietary habits to
identify possible predictors of COVID-19
hospitalization.

The present study findings demonstrated
that approximately 19.7% of participants in
our study in Hebron city, Palestine had a
high risk of hospitalization. The prevalence

of hospitalization in our sample was gener-
ally lower than that reported in previous
studies in  New York (52%)* and
Massachusetts (31%).2* In contrast, the prev-
alence of hospitalization among our partici-
pants was slightly higher than that reported
in studies conducted in Brazil (10.8%)* and
the United Kingdom (0.2%).%

We found that older participants were
more likely to be hospitalized, which is sup-
ported by former studies.®***>*7 Although
it is not yet evident why this correlation
occurs, many interpretations have been sug-
gested by investigators, such as greater con-
tact with and more evolved immune
responses to other viruses,”®*° greater inci-
dence of comorbidities,® and reduced
angiotensin-converting enzyme 2 (ACE2)
protein expression among older people.*!

The current findings also showed that
there was no significant relationship
between participants’ sex and hospitaliza-
tion. This is in contrast to the results of
other studies'>**?° reporting that COVID-
19-associated hospitalization rates are
greater among male patients than female
patients.

Our findings revealed that hospitaliza-
tion was significantly more prevalent
among participants with higher education
levels (e.g., bachelor’s, master’s, or doctoral
degree) compared with their counterparts
who did not complete their schooling.
This finding is supported by those of a
study by Wang and colleagues.”* We also
explored the relationship between area of
residence and COVID-19 hospitalization.
Hospitalization rates were significantly
higher among individuals who were living
in cities in comparison with individuals
living in either a camp or village. The rela-
tionship between these variables and hospi-
talization has not been previously reported.

Consistent with former studies,?>2%32734
our study findings showed that obese par-
ticipants are more likely to be hospitalized
with COVID-19 infection. Obesity is
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Table 9. Association of COVID-19-related symptoms with hospital admission.

Univariate analysis®

. . . b
Multivariate analysis

Hospitalized ~ Not hospitalized
Exp (B) for
Symptoms n % n % p-value Exp (B), Cl p-value the model
Fever Yes 51 234 167 76.6 0.005%* 1.5 (0.60-3.60) 0.392  4.085*°
No 8 9.8 74 90.2
Dry cough Yes 42 25.1 125 74.9 0.005¥* 2.3 (1.11-4.73) 0.026*°
No 17 12.8 116 87.2
Sneezing Yes 16 15.2 89 84.8 0.102 0.3 (0.16-0.72) 0.005*°
No 43 22.1 152 77.9
Headache Yes 46 21.8 165 78.2 0.100 1.0 (0.46-2.14) 0.985
No I3 14.6 76 85.4
Joint pain Yes 47 225 162 77.5 0.041** 1.3 (0.59-3.07) 0.483
No 12 132 79 86.8
Chills Yes 45 26.2 127 738 0.001** 1.5 (0.68-3.29) 0317
No 14 10.9 114 89.1
Diarrhea Yes 39 27.9 101 72.1 0.001** 2.0 (0.99-3.89) 0.054
No 20 12.5 140 87.5
Shortness Yes 44 27.0 119 73.0 <0.001* 1.7 (0.81-3.72) 0.153
of breath  No 15 10.9 122 89.1
Loss of smell Yes 38 19.4 158 80.6 0491 0.2 (0.60-0.77) 0.018*°
No 21 20.2 83 79.8
Loss of taste Yes 4| 22.7 140 77.3 0.071 4.0 (1.10-14.3) 0.035*°
No 18 15.1 101 84.9
Runny nose  Yes 20 21.5 73 78.5 0.348 1.3 (0.62-2.55) 0.524

No 39 18.8 168 81.2

*Univariate analysis using Fisher’s exact test.
PMultivariate analysis using binary logistic regression.

*Significant at p < 0.05 using Fisher’s exact test/binary logistic regression.

Cl, confidence interval.

considered a pro-inflammatory condition
and that obesity stimulates oxidant stress
to negatively influence cardiovascular func-
tion.*-*® Furthermore, having extra weight
in the abdomen beneath the diaphragm
makes the respiration process more difficult
by reducing diaphragm excursion. Obesity
also weakens the immune responses to viral
infection.’

Our findings showed that diabetes melli-
tus, hypertension, cardiovascular diseases,
and pulmonary diseases were significantly
more prevalent among patients with
COVID-19-associated hospitalization.

This finding was in agreement with previ-
ous literature.?>-**

Smoking has been confirmed as a predic-
tor of disease severity, such as in pulmonary
diseases.*® However, our study showed that
smoking was not associated with COVID-
19 hospitalization. This finding was incon-
sistent with those of a Brazilian study,*
which reported that smoking is a strong
predictor for COVID-19 hospitalization;
the prevalence of smokers who were hospi-
talized in that study was more than three
times greater than the prevalence of hospi-
talized non-smokers.
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Fever was the most common symptom in
the current study as well as in past stud-
ies.>>273%40 The overwhelming majority of
our participants reported at least one symp-
tom (96.7%). Our analysis revealed that all
symptoms, except runny nose and head-
ache, were important in explaining hospital-
ization. In contrast, Soares and colleagues
found that symptoms of runny nose and
headache were related to a reduced risk of
COVID-19 hospitalization.?

According to the current study findings,
certain diectary habits either before or
during the infection period were significant-
ly associated with a high risk of hospitali-
zation. Surprisingly, we found that meat
consumption during the infection period
decreased the risk of hospitalization in our
participants. Additionally, we found that
consuming more than two snacks per day
either before or during the infection period
increased the hospitalization risk. The asso-
ciation between dietary habits and risk of
hospitalization has not been reported
previously.

We demonstrated that changing dietary
habits, consuming one main meal per day,
and consuming fruits and vegetables during
the infection period increased the risk of
hospitalization. Previous studies have not
investigated the relationship between die-
tary habits and risk of hospitalization. It
is possible that our participants had poor
dietary habits prior to being infected with
SARS-CoV-2, and as a result of feeling
fatigue and distress during the infection
period, they changed their dietary habits
and consumed more fruits and vegetables.

We also found that taking dietary sup-
plements during the COVID-19 infection
period increased the risk of hospitalization.
Previous studies have not explored the rela-
tionship between dietary supplements and
risk of hospitalization owing to COVID-
19. That individuals may take dietary sup-
plements without a medical prescription or
they may take them in large doses that may

cause toxicity, which could lead to hospital-
ization, can explain our findings.

The findings of the current study must be
considered within the framework of certain
limitations. First, the main study limitation
resides in the study design. Being a cross-
sectional study, it was not possible to deter-
mine a causal relationship. Second, the
study was limited to Hebron city and was
not representative of the entire population
with COVID-19 infection in Palestine.
Third, complex interactions including
among many variables may not be able to
be clarified wusing multivariate logistic
regression.*’ Fourth, dietary assessment
was not included in the study. Fifth, we
used self-reports, which increases the risk
of error and bias. Finally, environmental
variables were not considered in this
study, for example, the use of biomass for
cooking or exposure to chemical hazards.
Such variables have been shown to increase
vulnerability to developing acute COVID-
19 infection that can result in hospitaliza-
tion.**** Despite these limitations, our
study can aid health care professionals in
identifying individuals who may require
additional attention, close monitoring, and
access to preventive and therapeutic treat-
ments. Further studies should focus on
examining the association between dietary
habits and COVID-19 hospitalization.
Future research should also investigate the
effect of different variables (e.g., dietary

habits, sociodemographic, and clinical
characteristics) on  the period of
hospitalization.
Conclusion

The current study results showed that the
prevalence of hospitalization among our
study population in Palestine was relatively
low, compared with former studies. The
present findings provide evidence that
older age, living in urban areas, low educa-
tion level, comorbidities (primarily
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hypertension, followed in descending order
by diabetes mellitus, respiratory diseases,
cardiovascular diseases), loss of smell, and
sneezing are related to an elevated risk of
hospitalization among patients  with
COVID-19. Fever, dry cough, joint pain,
chills, diarrhea, shortness of breath, and
loss of taste were found to be related to a
reduced hospitalization risk. Moreover, we
noted a higher likelihood of COVID-19
hospitalization ~ with  increased BMI.
Surprisingly, our analysis revealed that
daily consumption of meat during the infec-
tion period decreased the risk of hospitali-
zation; in contrast, changing dietary habits,
consuming one main meal per day, daily
consumption of fruits, and taking dietary
supplements during the infection period
increased the risk of hospitalization.
Additionally, we found that consuming
more than two snacks per day either prior
to or during the period of infection
increased the risk of hospitalization owing
to COVID-19. These findings may assist
health care professionals to determine
those patient groups at greater risk for hos-
pitalization who may require greater moni-
toring and who may benefit from targeted
therapeutic and preventive interventions.
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