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Abstract

Background: The COVID-19 pandemic has put immense pressure on global health systems, especially developing countries with
weaker health systems.

Objectives: In the present study, we were looking to see if lifestyle behaviors could predict the severity and recovery duration of
COVID-19.

Methods: A total of 1192 participants between the ages of 18 and 70 years participated voluntarily in a web-based survey. Food
pattern and physical activity levels were respectively evaluated using the Food Frequency Questionnaire (FFQ) and the Rapid
Assessment of Physical Activity (RAPA). The Pittsburgh Sleep Quality Index (PSQI) was also used to evaluate sleep disorders.
Analysis of variance, chi-square test, and multinomial logistic regression were used to analyze the data. The significance level
wasP<0.05.

Results: The findings suggested that patients with lower levels of physical activity, sleep disorders, and unhealthier dietary
patterns were affected by more severe COVID-19 and longer recovery time (P < 0.05). We found that physical activity and sleep
quality predicted the severity of COVID-19, and physical activity and dietary patterns predicted the recovery time from COVID-19
(P<0.05).

Conclusions: In conclusion, lifestyle behaviors, such as unhealthy diets, inactivity, and sleep quality disturbance, affect the

severity and duration of COVID-19.
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1. Background

Home quarantine and psychological distress caused
by the coronavirus disease 2019 (COVID-19) pandemic
led to changes in lifestyle behaviors (1-3). Lifestyle
behaviors are everyday activities that result from values,
knowledge, and norms and are highly affected by the
environment, individual, and tasks (4-6). Improper
psychological and physical environments influence
daily tasks and can lead to unhealthy behaviors, such as
overeating, sedentary behavior, increased alcohol and
tobacco use, increased screen time, and, ultimately,
sleep disturbance (1, 7). Inadequate sleep quality,
combined with unhealthy eating patterns and poor
physical activity levels, threatens people's health and
can even affect the immune system (8-10). The first case

of COVID-19 was detected in Iran on February 20, 2020,
and more than 120 000 confirmed cases and more than
7 000 deaths were reported by the Iranian Ministry of
Health and Medical Education by May 6, 2020,
indicating the severity and prevalence of the disease (11).

Preliminary reports also suggest that the severity and
outcome of COVID-19 largely depend on the patient's age
and medical history (11). Two years after the pandemic,
researchers no longer limit their reports to specific
components and focus more on variable lifestyle
behaviors (12). However, factors associated with the
severity and length of the recovery period in COVID-19
patients remain unclear. The interaction between
nutrition and the immune system is well-known;
therefore, any nutritional imbalance affects the
competence and integrity of the immune system. One of

Copyright © 2023, Yagmaee et al. This open-access article is available under the Creative Commons Attribution 4.0 (CC BY 4.0) International License
(https://creativecommons.org|licenses/by/4.0/), which allows for unrestricted use, distribution, and reproduction in any medium, provided that the original

work is properly cited.


https://doi.org/10.5812/intjssh-142413
https://crossmark.crossref.org/dialog/?doi=10.5812/intjssh-142413&domain=pdf
https://crossmark.crossref.org/dialog/?doi=10.5812/intjssh-142413&domain=pdf
https://orcid.org/0000-0001-9827-4832
https://orcid.org/0000-0001-9827-4832
https://orcid.org/0000-0001-8031-3792
https://orcid.org/0000-0001-8031-3792
https://orcid.org/0000-0001-5839-9753
https://orcid.org/0000-0001-5839-9753
https://orcid.org/0000-0001-6069-9886
https://orcid.org/0000-0001-6069-9886
mailto:taheri_morteza@yahoo.com
mailto:taheri.mortza@ut.ac.ir

Yagmaee Fet al.

the most important measures in maintaining health
and preventing infectious diseases is proper nutrition
and adequate sleep (10). Studies show that some dietary
patterns may affect the inflammatory markers
associated with low-grade systemic inflammation. Low-
grade inflammation appears to be associated with a
ratio of interleukin-17 to interleukin-10, and interleukin-
17 plays an important role in the host's defense against
infections by absorbing neutrophils and producing
antimicrobial peptides (11).

Although home quarantine is an effective way to slow
the spread of infectious diseases, it can have negative
effects on mental health and lifestyle behaviors,
including social participation, physical activity, and
mental status (10). Indeed, recent studies have shown
that COVID-19 home quarantine increases the number of
people with low physical activity (15.2%), unhealthy
eating behaviors (10%), and poor sleep quality (12.8%) (8-
10). Therefore, an unhealthy diet, sedentary lifestyle, and
poor sleep quality may adversely affect the host's
immune function and may impact the severity and
length of recovery of COVID-19 (10, 12, 13).

According to clinical classifications of COVID-19
provided by the National Health Commission of China,
patients with mild symptoms (such as fever, upper
respiratory infection, and no sign of pneumonia on
imaging) were classified as mild. Changes in chest
radiology were classified as moderate (lesion
progression in chest images within 24 - 48 h < 50%).
Severe illness included a significant increase in the
respiratory rate, hypoxia, and lung involvement on CT
scans (above 50%). Besides, short recovery periods were
classified as short (< 7 days), normal (10-14 days), and
long (>14 days) (11, 14). Overall, the important factors
mentioned above appear to have potential effects on the
incidence, severity, and length of recovery.

2. Objectives

Therefore, in the present cross-sectional study,
lifestyle behaviors of patients with COVID-19 and the
effects of these behaviors on the severity and length of
recovery period were investigated.

3. Methods

3.1. Study Design

The research design was cross-sectional, and data
collection was performed from January 5,2022, to March
3, 2022, using a questionnaire. A web-based
questionnaire was sent to volunteers on social media
(Instagram,  Telegram, and  WhatsApp). The

questionnaire consisted of 4 sections:
sociodemographic information (Table 1), food frequency,
sleep quality, and physical activity level. For this
purpose, 1228 volunteers in 4 geographical parts of Iran
were selected via cluster sampling. People aged 18-80
years who had COVID-19 once were included. Exclusion
criteria were: (1) patients with any severe immune
system conditions, (2) patients with any severe
cardiovascular and respiratory conditions, and (3)
refusal to fill out the questionnaire. The research design
flowchart is shown in Figure 1.

Table 1. The Participants’ Social-Demographic Details

Severity of COVID-19
Individual Characteristics Total

mild Moderate Severe

No. (%) 54(4.53) 312(26.7) 826 (69.3) 1192 (100)
Sex (%)

Male 36.1 1 0.8 48.0

Female 332 15.1 37 52.0
Age (y), mean + SD 342116 3374174 36.6+18.4 34.2+173
Height (cm), mean +SD 170.9 £9.6 1683+9.7 166.1+ 6.9 170 +£9.6
Weight (kg), mean +SD 732111 69.6+12.7 78.9 £11.1 722£117
History of COVID-19 (%)

No 0.0 0.0 0.0 17.9

Once 7 8.6 11 215

Twice 42 3.9 11 9.1

Three times and

more 0.9 05 01 15
COVID-19 infection (%)

No 37.8 0.8 0 38.6

Yes 315 253 45 61.4
Convalescence (%)

1week 54.7 117 0 55.9

10 to 14 days 10.9 12.8 02 238

More than 14 days 37 122 4.4 203
The severity of pain
during COVID19 (%)

No 453 13 0 46.6

1-3 15.8 15 0 17.3

4-6 55 16.6 0 22

7-10 23 6.7 45 13.9
Education (%)

High school

diploma and sub- 223 10.2 32 357

diploma

Bachelor’s degree 27 1.6 0.8 39.4

Master’s degree or

- 20 4.4 0.5 2438
Marital status (%)

Single 274 87 0 36.1

Married 42 17.5 4.5 63.9
Smoking and drug use (%)

No 581 193 37 81

Drugs o 13 0 13

Alcohol 2 35 0 55
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Severity of COVID19

Individual Characteristics Total
mild Moderate Severe
Cigarettes and drugs 0.2 0.2 0 0.4
Transmission (%)
Family 50 7.7 15 57.2
Relatives and
72 9.4 19 18.5
acquaintances
Workplace or
14.1 9.1 12 243
outdoors
Residence (%)
Urban 55.5 205 44 80.4
Suburban 138 5.7 0.2 19.6

Occupation (%)

Unemployed 10.6 4 [} 14.6
Homemaker 132 7.6 37 245
Employed 45.5 143 0.8 60.7
Retired 0 03 o 03

Observance of social
distancing (%)

No 13 2 18.2 435
Yes 24.8 25 292 56.5

Wearing a mask (%)

No 12.8 0.5 0.5 13.8
Yes 56.5 25.7 4 86.2
Estimating sample size based on G-Fowwer

software to select volunteer from 4 geographical PrE——

« @error=0.05

+ Power=0.70

regions of Iran by cluster sampling
Not assessed for eligibility

Survey participants
(n=1228)
(n=36) exclude:
Assessed for eligibility .
(n=m92) — .

Socio-demographic information form

Incomy

Different age groups

High risk groups

Rapid Assessment of Physical Activity (RAPA)
Food Frequency Questionnaires (FFQ)

> ’ + Pitisburgh Sleep Quality Index (PSQI)

Analysis of variance and multinemial logistic regression were used to analyze

ion 3.1.9.2, Nutrition 4 version 3.5.2 1BM SPSS Statistics 19 and

Microsoft Excel version 2019 software were used.

Figure 1. Flowchart of the study

3.2. Questionnaire

Food pattern and physical activity levels were
respectively evaluated using the Food Frequency
Questionnaire (FFQ) and the Rapid Assessment of
Physical Activity (RAPA). The Pittsburgh Sleep Quality
Index (PSQI) was also used to evaluate sleep disorders.

The FFQ questionnaire with 168 items was designed
based on the structure of the Willett questionnaire and
was modified based on Iranian food items. It contains
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questions about the average frequency of consumption
of food items according to the standard serving size or
the amount more familiar to the population. In this
questionnaire, individuals could report their
consumption per day (such as bread), week (rice and
meat), month (such as fish), year (such as viscera), or
never. The validity and reliability of this questionnaire
had been evaluated (15). The food intake was analyzed
using the Nutrition 4 v. 3.5.2 software. This software
contains Iranian food items, such as Iranian breads and
rice (16).

The RAPA questionnaire was validated in other
publications. The APA is divided into 2 categories: RAPA1,
aerobic exercise intensity (scored from 1 to 7), and
RAPA 2, the type of exercise (muscle strength, flexibility,
or both). For the purpose of this study, only RAPA 1 was
evaluated. Based on the answers to the questions, the
level of physical activity is divided into 3 categories:
sedentary or light (Q: 13), moderate (Q: 4-5), and
vigorous physical activities or active every week (Q: 6-7)
(17).

The PSQI is a self-report questionnaire that assesses
the quality of sleep and sleep disorders in 1 month.
Nineteen items create 7 component scores: subjective
sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleeping
medication, and daytime dysfunction. The rating based
on the Likert scale is from 0 to 3, and the overall score is
0 to 21, with a score of 6 or higher indicating poor sleep
quality (18). The validity of this questionnaire has been
confirmed many times (19).

3.3. Statistical Analysis

Before performing the data analysis, the normality of
distribution was tested using the Kolmogorov-Smirnov
test. The data analysis was performed using IBM SPSS v.
19.0 (IBM Corp., Armonk, NY, USA). The figures were
created by GraphPad Prism v. 6.0 (GraphPad Software,
USA). Frequency and percentage were used as
descriptive statistics. Analysis of variance, chi-square
test, and multinomial logistic regression were also used
to analyze the data. Statistical significance was set to
alpha=0.05.

4. Results

In this cross-sectional study in January 2022, 1192
volunteers (48% male and 52% female) aged 34.2 £+ 10.3
years participated. The findings showed that 21.5% had a
history of COVID-19 at least once. Also, 61.4% had COVID-
19 and 55.9% had convalescence for 1 week (Table 1).
According to Table 1, most of the 57.2% stated that they
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were infected by a family member. There were people
who lived in urban areas. Most of the patients were
employed and were among those who observed social
distancing and wore masks.

Figure 2 shows the severity and convalescence of
COVID-19 and sex. COVID-19 produces more severe
symptoms among women than men. Moreover, women
have a longer convalescence.

A Severity of Covid-19 disease and gender B Convalescence of Covid-19 disease and gender

40 40

= Male

30 30 * Female
E 0. * R %
£ ]

10 & 10

0 o
Mild Moderate Severe T week Wl days =lddays

Figure 2. Severity and convalescence of COVID-19 and sex. * Significant difference
with the male group at P<0.01.

The results of the chi-square test are presented in
Figure 3 for the severity and convalescence of COVID-19
and physical activity level. The results showed a
significant difference between the expected frequencies
and the observed ones in severity of COVID-19 and

physical activity levels (x%(4) = 34.93; P < 0.001), and
convalescence of COVID-19 and physical activity levels

(X3(4) = 31.26; P < 0.001). Active patients are more likely
to have mild to moderate COVID-19 and have a 1-week
duration of convalescence.

Physical activity levels
=

30 40 m Sedentary
a0 Moderate
- Active
30

Percentage
*

Percentage

20

Mikd Moderate Severe Lweek 10-14 days. =14 days

Figure 3. Chi-square independence test for severity and convalescence of COVID-19
and physical activity levels. * Significant difference at P<0.01.

The results of the analysis of variance showed that
there was a significant difference between the score of
sleep quality, the severity of COVID-19 ((F2,1189) =10.85; P
< 0.001), and the convalescence length ((F2,1189) =3.84; P
= 0.022). The results of the post-hoc test are given in
Figure 4. The results showed that COVID-19 patients with
sleep disorders were more likely to have severe

symptoms and a longer convalescence duration (> 10
days) (Figure 4).

A s B
*
8
E 10 B
* * E o6
£ £
g s g !
2
0 7 0
Nild Moderate Severe T week 10-14 days =14 days

Figure 4. The results of the post-hoc test for severity and convalescence of COVID-19
and sleep quality score. * Significant difference at P<0.01.

The results of the analysis of variance showed that
there was a significant difference between the
macronutrients, the severity of COVID-19 (P < 0.001), and
the convalescence (P < 0.001). The results of the post-hoc
test in Figure 5 demonstrated that people who received
more carbohydrates had more severe symptoms (P <
0.05) and longer convalescence duration (P < 0.001).
Also, people with more protein intake appeared to have
milder symptoms (P < 0.01) and shorter convalescence
(P < 0.001). Finally, people with more fat intake
appeared to have milder symptoms (P < 0.01) and longer
convalescence duration (P < 0.01).

A oo B o0
400 Protein

be 300 be be

== Carbohvdrate

= Fat

Keal

- 200
4 b ab [
100-

Mild Moderate Severe 1 Week W days > days

Figure 5. The results of the post-hoc test for severity and convalescence of COVID-19
and macronutrients. a: P < 0.01 significant difference with mild COVID-19. b: P < 0.01
significant differences with moderate COVID-19. c: P < 0.01 significant differences
with severe COVID-19.

Multiple logistic regression assumptions (i.e., an
adequate sample size, linearity of the predictors and the
logit-transformed outcome, and absence of outliers)
were established. A logistic regression model with the 3

predictors was significant for disease severity x* (6, N =
1192) = 86.45, P < 0.001, with a Nagelkerke pseudo-R2 of

0.85 and for disease convalescence x? (6, N = 1192) =
56.10, P < 0.001, with a Nagelkerke pseudo-R2 of 0.74.
The Hosmer-Lemeshow test also showed the model to be
acceptable.

Based on the individual regression coefficients,
according to the Wald criterion for disease severity,

Int ] Sport Stud Health. 2023; 6(2): e142413.
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physical activity and sleep quality were significant (P =
0.012 and P < 0.001, respectively). The odds ratio for this
predictor showed that for every unit of increase in
physical activity, individuals were 2.18 times more likely
to be in the moderate COVID-19 group, and this value
was 0.76 for sleep quality (Equation

Equation Moderate COVID-19 = 0.78 (physical activity)
- 0.28 (sleep quality)

Based on the individual regression coefficients,
according to the Wald criterion for disease
convalescence, physical activity and nutrients were
significant (P < 0.001 and P < 0.001, respectively). The
odds ratio for this predictor showed that for every unit
of increase in physical activity (active), individuals were
0.64 times more likely to be in the 1-week convalescence
group, and for every unit of decrease in nutrients
(calories), individuals were 0.99 times more likely to be
in the 1-week convalescence group (Equation The odds
ratio for this predictor showed that for every unit of
increase in nutrients, individuals were 1-time more
likely to be in the 10 - 14-day convalescence group
(Equation

Equation 1-week convalescence of COVID-19 = 0.45
(physical activity) - 0.01 (nutrients)

Equation 10-14-day convalescence of COVID-19 = 0.12
(nutrients)

5. Discussion

COVID-19 and its limitations are among the crises of
the present century that have overshadowed the
physical and mental health and nutritional status. The
results showed that females had more severe COVID-19
with a longer recovery period compared to males.
Patients with more active lifestyles had mild-to-
moderate COVID-19 with a shorter recovery period (1
week) compared to those with a sedentary lifestyle
whose COVID-19 severity was higher. In patients with
poor sleep quality and higher carbohydrate intake in
the diet, the severity and duration of the disease were
higher, and high protein intake reduced the severity and
duration of the disease. However, with the consumption
of more fat in the diet, although the severity of the
disease was reduced, the recovery time was increased.
Finally, it can be predicted that with increased physical
activity and decreased sleep quality, people are more
likely to develop moderate COVID-19. It was shown that
with increased physical activity and reduced calories,
the possibility of having a 1-week recovery is increased.
Finally, as the number of calories increases, the recovery
time of the disease increases to 10 - 14 days.

Int ] Sport Stud Health. 2023; 6(2): e142413.

Although various studies have reported higher
incidence and mortality among men than women (20,
21), the present study showed that although the
incidence is not different in terms of sex, females are
more likely to be affected by the severity of the disease
and have a longer recovery period. Tavakol et al. (2020)
showed that Iranian females have more severe COVID-19
symptoms and a longer recovery period than males (11).
This may be due to the state of health care, insurance
coverage, and cultural beliefs of Iranian women. On the
other hand, the fact that women report more
vulnerability to the disease than men is consistent with
previous research showing that women are more afraid
of pathogens than men (22).

The results of the present study showed that an active
lifestyle and the amount of physical activity are factors
that affect reducing the severity (from severe to mild)
and length of recovery (below 7 days).

In line with our research, a cross-sectional study of
COVID-19 among patients with and without regular
physical activity found that patients with regular
physical activity were 1.49 times less likely to be
hospitalized than those with a sedentary lifestyle.
Regular physical activity also reduced the severity of
symptoms (23).

In another study, it was stated that physical activity
and an active lifestyle can reduce the severity of
infection in COVID-19 (24). Many prospective cohort
studies have highlighted the role of appropriate
physical activity in protecting against serious infections
(25, 26). There are biological mechanisms that justify the
benefits of immunity through physical activity, such as
anti-inflammatory effects and beneficial effects on
adaptive immune responses (5, 26). Quarantine and the
resulting social isolation can cause major stresses that
lead to emotional distress and, eventually, illnesses such
as sleep disorders or weakened immune systems (10).

The findings of the present study showed that sleep
quality disorders increase the severity of symptoms and
the duration of recovery from COVID-19. According to
research on COVID-19, the outbreak of the disease has
caused anxiety, depression, sleep disorders, and other
psychological problems. People with poor sleep quality
experienced psychological problems and more
involvement with COVID-19, and the symptoms of the
disease have been reported to be more severe in these
people (19).

Various studies have shown that mental health and
sleep enhance immunity. Decreased duration and
quality of sleep increase the risk of viral infection (27).
Sleep is disrupted by stress, which is induced by
activating the hypothalamic-pituitary-adrenal (HPA)
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axis. Sleep alterations increase such activation and
create a vicious cycle between stress and insomnia.
Increases in cortisol secretion after HPA activation
suppresses pro-inflammatory and antiviral immune
responses (19, 28).

Insomnia is associated with increased levels of
norepinephrine (which is involved in antitumor
responses) and decreased levels of natural killer cells.
Insomnia causes abnormal cortisol synthesis, reduces
the number and activity of natural killer (NK) cells, and
compromises immune function (19, 28). Another factor
is nocturnal melatonin levels, which decrease with age.
People with poor sleep quality may be more sensitive to
COVID-19 because their melatonin levels may be low (9,
27). Disturbances in circadian rhythms increase
susceptibility to infection. Chronic stress and sleep
deprivation stimulate pro-inflammatory responses and
reduce the level and activity of protective immune cells
(27). These factors may explain the severity of symptoms
and the length of recovery of most patients with poor
sleep quality or sleep disorders.

Recent research shows that poor sleep quality and
reduced physical activity can disrupt healthy eating
patterns (29). Anxiety and boredom due to quarantine
are risk factors for consuming more food and lower-
quality food compared to standard living conditions.
Along with decreased physical activity during the
COVID-19 quarantine, eating disorders can lead to
disturbed energy balance (30).

Specific nutritional deficiencies may lead to impaired
immune function, thereby increasing susceptibility to
infectious diseases (30). While no food, nutrient, or
dietary supplement can prevent COVID-19, a balanced
diet with sufficient amounts of various macronutrients
and micronutrients is essential for a well-functioning
immune system. High-energy diets and obesity are the
main risk factors for a more severe course of COVID-19
(12).

The results of the present study showed that high
carbohydrate intake increases the severity of symptoms
and the recovery period of COVID-19. Various studies
have shown that high-calorie diets can exacerbate pre-
inflammatory conditions in patients. Little is known
about the relationship between carbohydrates and
COVID-19. A high-carbohydrate diet contributes to the
prevalence of obesity, insulin resistance, and type 2
diabetes, all of which are risk factors for severe COVID-19
symptoms. High intakes of diets rich in saturated fats,
sugars, and carbohydrates activate the innate immune
system and impair adaptive immunity, leading to
chronic inflammation and impaired host defense
against viruses. According to these results, a high-

carbohydrate diet may increase the risk of developing
COVID-19 symptoms and its length of recovery (31).

Specific nutrients and a combination of nutrients
may affect immune function through cell activation and
modifying gene expression and the production of
signaling molecules. Foods can also affect immune
responses through their effects on intestinal microbiota
composition (12).

Our research results show that people with a high-
protein diet reduce their risk of developing symptoms
of severe COVID-19 and a longer recovery period. Little is
known about the association between proteins and
COVID-19. In one study, mice with protein-calorie
malnutrition had lower expressions of IFN-y, TNF-a, and
iNOS in the lung tissue, showing the low ability of the
immune system to fight infection and inflammatory
diseases (30).

Human research has also shown that protein-energy
malnutrition is associated with an increased risk of
infectious diseases and a likelihood of increased length
of hospitalization, death, and readmission (32). It has
been stated that high-protein food sources are highly
recommended for people at high risk of infection (33).

In the present study, it was found that the dietary
pattern combined with high fat intake reduced the
severity of COVID-19 symptoms but increased the length
of recovery. Research has shown that consumption of
omega-3 fatty acids and short-chain fatty acids, which
are metabolic compounds, can reduce the anti-
inflammatory effects.

In a study, high-fat ketogenic diets with a
carbohydrate restriction (less than 50 grams per day)
reduced the severe symptoms of COVID-19 (34).

In the present study, since the type of fat consumed
was not considered, it is not possible to provide a
suitable analysis of the symptoms of severity and length
of recovery from COVID-19. According to the Annual
International Congress of the European Society of
Clinical Nutrition and Metabolism (ESPEN), it is
recommended that patients with COVID-19 have an
energy requirement of 27 to 30 kcal per kg of body
weight per day, and 1 to 1.3 g per kg of body weight
protein should be considered depending on the
condition of the disease. The fat-carbohydrate ratio is
currently recommended at 30 to 70 for patients without
respiratory failure and 50 to 50 for patients with
respiratory failure (12, 34).

Reduced physical and social contact and disturbed
normal lifestyle (such as less freedom, financial loss,
inactivity, sleep disturbance, and unhealthy diet) during
the outbreak of COVID-19 have led to changes in lifestyle
behaviors. These inappropriate lifestyle behaviors can

Int ] Sport Stud Health. 2023; 6(2): e142413.
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increase the symptoms of COVID-19 and the length of
recovery. In the present study, it was found that physical
activity and sleep quality were predictors of COVID-19
severity, and physical activity and dietary patterns were
predictors of recovery length among patients with
COVID-19.

One of the main limitations of this study is the
relatively few participants, which is recommended to be
remedied in future studies. Lack of careful monitoring
of the subjects' responses to physical activity, dietary
behavior, and sleep quality assessment is another
limitation that should be considered in future studies.
Considering other lifestyle behaviors, such as
sociodemographic factors and their relationship with
eating, sleeping habits, and the level of physical activity
during the pandemic, may prevent the consequences of
COVID-19 and help decrease its severity and the length of
recovery.
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