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Abstract

Background: This study aimed to identify mortality risk factors among hospitalized COVID-19 patients in southeast Iran.

Methods: This cross-sectional study used data from the COVID-19 patients admitted to Afzalipour teaching hospital in Kerman,
Iran, from February 2020 to September 2021. The demographic and clinical data of 6,057 patients were analyzed using Bayesian
network and logistic regression models.

Results: Out of 6,057 patients, 333 (5.5%) died. The most important risk factors for COVID-19 mortality were age, gender, fever,
headache, decreased level of consciousness (LoC), chronic liver disease, blood oxygen level (BOL), admission season, and
length of stay (LoS). Fever, headache, and longer LoS were protective and mortality-reducing variables.

Conclusion: Following model estimation results, it is recommended that older male patients with low oxygen levels and a lower
LoC, as well as patients with chronic liver disease, receive additional medical care and not be discharged prematurely. Early

medical interventions for high-risk patients may reduce COVID-19 mortality risk.
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Introduction

COVID-19 was a major healthcare challenge of this
century. This new disease greatly impacted the lives of
the world’s population. It directly and indirectly caused
many deaths in most countries. Until January 7, 2023,
more than 667.86 million people had been infected with
this disease, and 6.7 million people had died directly
due to this disease worldwide (1). Like other involved
countries, Iran adopted various policies to prevent the
COVID-19 outbreak (2,3), but until January 7, 2023,
about 7.56 million people had been infected, and 144.7
thousand people had died as a result (1). However, the
real number of deaths in the country are believed to be
higher than this (4).

Extensive studies have shown that the deaths caused
by COVID-19 will have negative effects on the mental
and psychological health of people in addition to the
widespread economic and social consequences of the
disease in the community (5,6). Fortunately, most patients

with COVID-19 show mild to moderate symptoms, and
only about 5% enter the critical phase of the disease (7).
Different studies have shown that risk factors, including
age, male gender, cardiovascular diseases, blood pressure,
and diabetes, can expose the patient to critical conditions
and death (8-11). The most common clinical symptoms
of patients who died due to COVID-19 were shortness
of breath, fever, dry cough, and impaired consciousness
(8,10).

Although the prevalence of the disease has decreased
drastically with widespread vaccination in different
countries, countries will still not be safe from the
risk of COVID-19 re-epidemic for years to come, as
substrains of the Omicron variant have spread rapidly
in China and Japan and have caused politicians to turn
to the implementation of quarantine policy again. Thus,
identifying important risk factors for patient death can
effectively prioritize vaccination programs and improve
healthcare services. Besides, the timely diagnosis of the
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Risk factors for COVID-19 mortality

referred patients can be helpful for special healthcare
services in the early stages of the disease (12).

Various studies have shown that people’s education
and ethnicity determine the severity of COVID-19 and
the number of deaths caused by it (9). Some studies have
suggested that air pollution can increase the severity of
COVID-19 directly by endangering the immunity of the
lungs or indirectly due to the exacerbation of respiratory or
cardiovascular diseases (13-15). Studies have also shown
that temperature and humidity can affect the spread of
COVID-19 (16). The health effects of COVID-19 vary
in different regions because different social, economic,
health, and environmental factors are at play (17). Studies
have indicated that the areas with more economic and
environmental problems often face more challenges
against COVID-19 (18). Hence, depending on the
demographic characteristics of different regions, the risk
factors associated with mortality in COVID-19 patients
vary (19). Therefore, an awareness of the most important
factors affecting the death of hospitalized COVID-19
patients in southeastern Iran seemed necessary.

The present study sought to identify mortality risk
factors among hospitalized COVID-19 patients in
southeastern Iran. The insights from this study can
help physicians in the rapid diagnosis of critically ill
COVID-19 patients to prevent their death and to identify
high-risk groups to allocate vaccines and other healthcare
services in time.

Materials and Methods

Study design and sampling

This cross-sectional study utilized the data collected from
6057 COVID-19 patients hospitalized in the general ward
of Afzalipour hospital in Kerman, Iran, between February
23, 2020, and September 7, 2021. Afzalipour hospital in
Kerman, which provided care during the COVID-19
epidemic, is a referral hospital in southeast Iran.

Variables

The independent variables in this study were
demographic characteristics (i.e., age, gender, residence,
history of smoking and drug - opium - use, and season of
admission), initial symptoms (e.g., fever, cough, muscle
pain, headache, respiratory distress, compromised
consciousness, anorexia, mitigated sense of smell and
taste, chest pain, nausea, vomiting, dizziness, and
diarrhea), history of diseases (such as hypertension,
diabetes, cardiac disease, cancer, chronic lung diseases,
chronic liver, blood, and kidney diseases, COVID-19, and
chronic neurological disorders), and clinical variables
(including blood oxygen level [BOL], oxygen therapy
status, history of contact with COVID-19-infected
people, duration of infection after the onset of symptoms,
and length of stay (LoS). The status of the hospitalized
patient at the time of discharge (recovered or deceased)

served as the dichotomous response variable in this study.

Statistical analysis

The association between the independent variables and
the outcome variable, i.e., the mortality of hospitalized
patients with COVID-19, was determined using the
Bayesian network and logistic regression models.

Bayesian networks have drawn increasing interest
due to their efficacy in tackling complex problems and
their assistance with decision-making under uncertain
conditions (20). As integrated graphs, Bayesian networks
can identify and visualize causal relationships between
disease etiology and mortality (21). In addition, logistic
regression is an effective and powerful method for
analyzing the effect of a set of independent variables on
a binary outcome.

GeNIe 3.0 academic software was used to fit the
Bayesian network model. For the structural learning of
the Bayesian network, the parent-offspring algorithm was
employed, followed by the expectation-maximization
algorithm for the network’s parametric learning. A
Bayesian network model portrays interrelationships as
conditional distributions for a set of random variables. The
output of the Bayesian network model was displayed as a
directed acyclic graph, with nodes representing random
variables and directed arcs representing the structure of
conditional distributions. In addition, the conditional
probabilities of mortality for various combinations of
independent variables were calculated and tabulated.

In addition, R 4.1.2 was utilized to fit the logistic
regression model. First, a univariate logistic regression
model was run, and the variables with P-values less than
0.20 were selected as the inputs in the multiple logistic
model. The backward method was used, and the variables
with P-values less than 0.05 were considered significant
in the final model.

The odds ratio (OR) of mortality, its confidence
interval, and the P values were reported in tables. To
confirm the validity of the models, indices such as
accuracy, sensitivity, specificity, and areas under the ROC
curve were calculated. Notably, the higher levels of these
indices in each model indicate the model’s good fit.

Results

Description of the data

Of the hospitalized patients, 5724 (94.5%) recovered
and were discharged, while 333 (5.5%) died. In addition,
56.5% of the deceased patients were over 69 years old.
Moreover, 2952 (51.9%) of the patients were male.

Most of the admitted patients were locals of Kerman.
The median (min-max) of LoS in our study was 5 (1-30)
days for recovered patients and 6 (1-30) days for deceased
patients.

Approximately 67% of the patients admitted to the
hospital had respiratory distress, which was the most
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common clinical symptom in the patients. About
96% of the patients were from Kerman. Only 0.40% of
patients had a history of COVID-19. Figure 1 shows the
demographic and clinical data of the patients.

The duration of infection after the onset of symptoms
was more than six days in 53.7% of the patients. Besides,
92.4% of the patients stayed in the hospital for more
than one day. The BOL of 57.5% of patients was less
than 93%, and the most common underlying disease was
hypertension (15.9%). Moreover, 5.5% of patients died
due to COVID-19 (Figure 2).

The results of the logistic regression model

The multiple logistic regression model revealed a
significant relationship between mortality and the
variables of age, gender, fever, headache, altered level
of consciousness (LoC), chronic liver disease, BOL,
admission season, and LoS. Other variables were not
significant. Table 1 displays the frequency (percent) of
deceased patients, the odds ratio of death, and its 95%
confidence interval for the significant variables.

The odds of death are greater in old age than in youth.
Men’s mortality odds were 1.29 times that of women.
Patients with a decreased LoC were 4.97 times more likely
to die than others.

The mortality odds of patients with chronic liver disease
were 3.5 times that of other patients. In patients whose
oxygen level was below 93, the odds of death were 1.43
times that of other patients. Additionally, summer and
autumn had higher mortality odds than other seasons.
The variables of fever, headache, and LoS had a protective

effect against mortality, meaning that the presence of a
fever, a headache, or longer LoS decreased the odds of
mortality.

Bayesian network model results

According to the Bayesian network model, the variables
of age, fever, decreased LoC, and LoS are the parent
variables related to COVID-19 mortality. These variables
have a direct and significant relationship with mortality
and are more important (Figure 3).

Table 2 displays the conditional probability of death
obtained from the Bayesian network. Only conditional
probabilities greater than or equal to 0.5 are displayed in
this table. As shown in this table, the subgroup of patients
who were over 69 years old, did not have fever, had a
lower LoC, and were hospitalized for less than one day
had the highest probability of death (0.93).

Model evaluation

For the Bayesian network model, the sensitivity,
specificity, and accuracy indices were 0.7928, 0.742, and
0.7448, and the corresponding values for the logistic
regression model were 0.7568, 0.7926, and 0.7907,
respectively. The area under the ROC curve (95% CI)
was 0.829 (0.805-0.853) for the Bayesian network model
and 0.846 (0.824-0.868) for the logistic regression model.
Both models had a good and acceptable fit.

Discussion
This study investigated and identified the risk factors,
including clinical and demographic variables, that
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Figure 1. A description of the patient’s demographic data and primary symptoms
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Figure 2. Descriptive statistics for the patient’s clinical data and underlying diseases

Table 1. Multiple logistic regression results for hospitalized patients

Table 2. The conditional probability of death obtained from the Bayesian
network

Frequency Odds ratio (95%
Variables (percent) of confidence P value Age Fever Decreased LoS Conditional probability
deceased patients interval) subgroups LoC of death
<56 64 (19.2) Ref Ref <59 No No 0-1 0.8
56-63 35 (10.5) 2.52(1.62-3.91)  <0.001 <59 Yes Yes 0-1 0.5
Age
64-69 46 (13.8) 437 (2.89-6.59)  <0.001 M=o Vs = 0=t 04t
>69 188 (565  9.78(7.14-13.41) <0.001 56-63  Yes ves 2 05
56-63 Yes Yes >5 0.5
Female 139 (41.7) Ref Ref
Gender 64-69 No Yes 0-1 0.5
Male 194 (58.3) 129(1.7-1)  0.046
64-69 No Yes >5 0.67
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Fever 64-69 Yes Yes 0-1 0.5
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Hendache No 282 (84.7) Ref Ref 60 No Ves o1 0.93
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letc Yes 30 9.0) 497 2.78-8.9)  <0.001 affected the mortality of hospitalized COVID-19 patients
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<93% 233 (70.0) 1.43(1.1-1.87)  0.009 A major variable that significantly affected the mortality
spring 37 (11.1) Ref Ref of hospitalized COVID-19 patients was age. Our data
S 186 55,9 227 (154335 <0.001 showed that with an increase in the patient’s age, the risk
[P ummer . . Bok e N <0. . . . .
Admission of death from the disease increased significantly. Many
season . . . . . . .
Fall 100 (30.0) 215(1.42-3.28)  <0.001 studies have identified increasing age as a serious risk
Winter 10 (3.0) 0.979 (0.45-2.1)  0.96 factor for the death of COVID-19 patients (22-24).
0-1 121 36.3) Ref Ref A meta-analysis revealed that adults aged 65 and older
are five times more likely to be in critical condition or
LoS (days) 25 121 (36.3) 0.14(0.1-0.2)  <0.001 ) . .
die (25). Older patients probably show a weaker immune
>5 91 (27.3) 0.09 (0.06-0.1)  <0.001

response to the disease. Thus, they are more susceptible
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Figure 3. Bayesian network of risk factors affecting the mortality of patients with COVID-19. A: Personal variables; B: Clinical variables; C: Underlying disease

variables; D: COVID-19 variables

to acute respiratory distress syndrome (ARDS) and
mortality (26).

Another important risk factor identified was the male
gender. More than half of the patients in the current study
were male. Our study showed that the odds of COVID-19
death in men were 1.29 times that of women (OR=1.29),
as evident in other studies. A meta-analysis study of
3,111,714 reported global cases showed that men are more
likely to die from COVID-19 than women (OR=1.39), so
the male gender is considered an important risk factor for
the deaths caused by COVID-19 (27) possibly due to sex
hormone differences and the number of X chromosomes
in the two sexes. Studies have shown that a woman’s body
produces more type-1 interferons than men, which is
vital to patients’ initial response to COVID-19 (27, 28).

Fever, cough, muscle pain, headache, respiratory
distress (shortness of breath), decreased LoC, anorexia,
compromised sense of smell and taste, dizziness, chest
pain, nausea, vomiting, and diarrhea were the principal
initial symptoms among the hospitalized COVID-19
patients in this study.

Fever and headache had protective effects, and
decreased LoC had an aggressive and significant effect
on the mortality of patients in the present study. Various
studies have shown that decreased LoC can be related to
the increased risk of COVID-19 deaths (29,30). When
the patient reaches the critical stages of the disease, they
usually have a decreased LoC and may die.

The present study showed that, consistent with previous
studies, BOL was a significant risk factor for COVID-19
deaths (25), i.e., patients whose BOL is less than 93 must
receive oxygen therapy and undergo stronger medication.

Many studies have shown fever among the most
common COVID-19 symptoms (31,32). In addition,
studies have suggested that high fever is more likely to
increase ARDS (33). However, some studies have found
no significant relationship between fever and COVID-19

deaths (34). Some studies have indicated that fever
in critical COVID-19 patients was significantly lower
compared to the non-critical group, indicating that fever
may protect COVID-19 patients from severe and critical
disease outcomes (34,35). Besides, studies have shown
that headaches cause a lower mortality risk and have a
protective effect in hospitalized COVID-19 patients
(36,37), as confirmed in the present study. A possible
reason is that the patients who had symptoms of fever
and headache went to the hospital earlier and received
effective and timely treatment. Thus, further studies are
needed to explore this issue.

LoS in this study was 5 (1-30) days for recovered
patients and 6 (1-30) days for deceased patients. A
systematic review showed that out of 52 studies that
examined LoS, the average LoS varied from 4 to 53 days
in China and from 4 to 21 days outside China, which is in
line with the present study results (38).

In addition, other studies have also identified LoS as an
effective factor for mortality (25,39). Factors like patient’s
age, delay in access to health care, and hospital discharge
criteria can affect the LoS. Iran was among the countries
with a high number of infected and deceased patients.
Consequently, as a measure to enhance the capacity of
hospitals in response to the epidemic, particularly during
the peaks of the COVID-19 outbreak, some patients were
discharged from hospitals with partial recovery and were
cared for in their homes (25).

Multiple studies have demonstrated that underlying
diseases are among the most significant mortality risk
factors (39). More specifically, studies conducted in
Iran have revealed that underlying diseases significantly
impact COVID-19-related mortality (39,40). Our study
revealed that chronic liver disease increases the risk of
death among hospitalized COVID-19 patients. Noor
et al. reported similar results for chronic liver patients
(41). Furthermore, patients with a history of chronic liver
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disease have reported a significant increase in the levels of
liver enzymes such as ALT and AST as a result of COVID-19
infection, which indicates liver cell damage (42).

Conclusion

This study revealed that the majority of patients who
died from COVID-19 were over the age of 69. Male
gender, a history of chronic liver disease, BOL less than
93, mitigated LoC, and a short LoS significantly increased
the odds of mortality. In addition, fever and headaches
had a protective effect and were associated with decreased
mortality. Moreover, summer and fall were linked with a
higher mortality rate than other seasons. Therefore, it is
recommended that older male patients with low oxygen
levels and low consciousness, as well as chronic liver
patients, should receive further medical care and stay at
the hospital longer. These high-risk patients may be less
likely to die from this disease if they receive medical care
early on.

Limitations of the study

Unfortunately, the COVID-19 virus undergoes constant
mutations over time, altering transmission, severity, and
case-fatality risk, thus possibly influencing the effect of
mortality-related factors. Additionally, the treatment
approach for hospitalized patients evolves, which can
impact patient mortality. Therefore, the type of mutation
and treatment are significant variables not addressed in
this study. Moreover, the present study did not address
the duration and severity of underlying diseases. Thus,
these variables need to be explored in future research.

Acknowledgments

This study was the result of an MSc thesis. We are grateful to
Kerman University of Medical Sciences. We would like to express
our gratitude to all personnel and patients of Afzalipour Hospital
who helped us carry out this study.

Authors’ Contribution

Conceptualization: Ahmad Mohtashami, Abbas Bahrampour,
Yunes Jahani.

Data curation: Mohammad Hossein Mehrolhassani, Yunes Jahani.
Formal Analysis: Ahmad Mohtashami, Milad Ahmadi Gohari,
Abbas Bahrampour, Yunes Jahani.

Funding acquisition: Yunes Jahani.

Investigation: Ahmad Mohtashami, Yunes Jahani.

Methodology: Ahmad Mohtashami, Abbas Bahrampour, Yunes
Jahani.

Project administration: Yunes Jahani.
Resources: Ahmad  Mohtashami,
Mehrolhassani, Yunes Jahani.
Software: Ahmad Mohtashami, Yunes Jahani.

Supervision: Yunes Jahani.

Validation: Ahmad Mohtashami, Abbas Bahrampour, Mohammad
Hossein Mehrolhassani, Yunes Jahani.

Visualization: Ahmad Mohtashami, Milad Ahmadi Gohari, Yunes
Jahani.

Writing-original draft: Ahmad Mohtashami, Yunes Jahani.
Writing-review & editing: Milad Ahmadi Gohari, Abbas
Bahrampour, Mohammad Hossein Mehrolhassani.

Mohammad  Hossein

Competing Interests
The authors declare that there is no conflict of interest.

Ethical Approval

The study protocol was approved by the Ethics Committee of
Kerman University of Medical Sciences (ethics code No. IR.KMU.
REC.1400.561).

Funding
The study did not receive any funding from any organization.

References

1. Worldometer. COVID-19
Worldometer; 2023.

2. Nakhaeizadeh M, Eybpoosh S, Jahani Y, Ahmadi Gohari M,
Haghdoost AA, White L, et al. Impact of non-pharmaceutical
interventions on the control of COVID-19 in Iran: a
mathematical modeling study. Int J Health Policy Manag.
2022;11(8):1472-81. doi: 10.34172/ijhpm.2021.48.

3. Nakhaeizadeh M, Chegeni M, Adhami M, Sharifi H, Ahmadi
Gohari M, Iranpour A, et al. Estimating the number of
COVID-19 cases and impact of new COVID-19 variants
and vaccination on the population in Kerman, lran: a
mathematical modeling study. Comput Math Methods Med.
2022;2022:6624471. doi: 10.1155/2022/6624471.

4. Ahmadi Gohari M, Chegeni M, Haghdoost AA, Mirzaee F,
White L, Kostoulas P, etal. Excess deaths during the COVID-19
pandemic in Iran. Infect Dis (Lond). 2022;54(12):909-17. doi:
10.1080/23744235.2022.2122554.

5.  Pfefferbaum B, North CS. Mental health and the COVID-19
pandemic. N Engl ] Med. 2020;383(6):510-2. doi: 10.1056/
NEJMp2008017.

6. DonglL, Bouey J. Public mental health crisis during COVID-19
pandemic, China. Emerg Infect Dis. 2020;26(7):1616-8. doi:
10.3201/eid2607.200407.

7. de Cassia Menezes Soares R, Mattos LR, Raposo LM. Risk
factors for hospitalization and mortality due to COVID-19
in Espirito Santo State, Brazil. Am ] Trop Med Hyg.
2020;103(3):1184-90. doi: 10.4269/ajtmh.20-0483.

8. Karasneh RA, Khassawneh BY, Al-Azzam S, Al-Mistarehi
AH, Lattyak WJ, Aldiab M, et al. Risk factors associated
with mortality in COVID-19 hospitalized patients: data from
the Middle East. Int J Clin Pract. 2022;2022:9617319. doi:
10.1155/2022/9617319.

9.  Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C,
Morton CE, et al. Factors associated with COVID-19-related
death using OpenSAFELY. Nature. 2020;584(7821):430-6.
doi: 10.1038/s41586-020-2521-4.

10. Ruiz-Quifionez JA, Guzmén-Priego CG, Nolasco-Rosales GA,
Tovilla-Zarate CA, Flores-Barrientos Ol, Narvaez-Osorio V, et
al. Features of patients that died for COVID-19 in a hospital in
the south of Mexico: a observational cohort study. PLoS One.
2021;16(2):e0245394. doi: 10.1371/journa|.pone.0245394.

11. Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al.
Prevalence of comorbidities and its effects in patients infected
with SARS-CoV-2: a systematic review and meta-analysis. Int
J Infect Dis. 2020;94:91-5. doi: 10.1016/j.ijid.2020.03.017.

12. Li LQ, Huang T, Wang YQ, Wang ZP, Liang Y, Huang TB, et
al. COVID-19 patients’ clinical characteristics, discharge rate,
and fatality rate of meta-analysis. ) Med Virol. 2020;92(6):577-
83. doi: 10.1002/jmv.25757.

13. Brandt EB, Beck AF, Mersha TB. Air pollution, racial
disparities, and COVID-19 mortality. J Allergy Clin Immunol.
2020;146(1):61-3. doi: 10.1016/j.jaci.2020.04.035.

14. Conticini E, Frediani B, Caro D. Can atmospheric pollution be
considered a co-factor in extremely high level of SARS-CoV-2

Coronavirus Pandemic.

Journal of Kerman University of Medical Sciences. Volume 31, Number 2, 2024 | 77


https://doi.org/10.34172/ijhpm.2021.48
https://doi.org/10.1155/2022/6624471
https://doi.org/10.1080/23744235.2022.2122554
https://doi.org/10.1056/NEJMp2008017
https://doi.org/10.1056/NEJMp2008017
https://doi.org/10.3201/eid2607.200407
https://doi.org/10.4269/ajtmh.20-0483
https://doi.org/10.1155/2022/9617319
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1371/journal.pone.0245394
https://doi.org/10.1016/j.ijid.2020.03.017
https://doi.org/10.1002/jmv.25757
https://doi.org/10.1016/j.jaci.2020.04.035

Mohtashami et al

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

lethality in Northern Italy? Environ Pollut. 2020;261:114465.
doi: 10.1016/j.envpol.2020.114465.

Dutheil F, Baker JS, Navel V. COVID-19 as a factor influencing
air pollution? Environ Pollut. 2020;263(Pt A):114466. doi:
10.1016/j.envpol.2020.114466.

Tobias A, Molina T. Is temperature reducing the transmission
of COVID-19? Environ Res. 2020;186:109553. doi: 10.1016/j.
envres.2020.109553.

Das A, Ghosh S, Das K, Basu T, Dutta I, Das M. Living
environment matters: unravelling the spatial clustering of
COVID-19 hotspots in Kolkata megacity, India. Sustain Cities
Soc. 2021;65:102577. doi: 10.1016/j.5¢5.2020.102577.
Sarkar A, Chouhan P. COVID-19: district level vulnerability
assessment in India. Clin Epidemiol Glob Health. 2021;9:204-
15. doi: 10.1016/j.cegh.2020.08.017.

Ahmadi A, Ardeshiri S, Rajab Nezhadi V, Pajoohesh A,
Narimani Moghadam T, Sabaghan M, et al. Risk factors for
mortality in hospitalized patients with COVID-19: a cross-
sectional study in southwestern Iran. Iran Red Crescent Med J.
2021;23(9):1230. doi: 10.32592/ircmj.2021.23.9.1230.
Vepa A, Saleem A, Rakhshan K, Daneshkhah A, Sedighi
T, Shohaimi S, et al. Using machine learning algorithms
to develop a clinical decision-making tool for COVID-19
inpatients. IntJ Environ Res Public Health. 2021;18(12):6228.
doi: 10.3390/ijerph18126228.

SakrS, Elshawi R, Ahmed A, Qureshi WT, Brawner C, Keteyian
S, et al. Using machine learning on cardiorespiratory fitness
data for predicting hypertension: the Henry Ford Exerclse
Testing (FIT) Project. PLoS One. 2018;13(4):e0195344. doi:
10.1371/journal.pone.0195344.

Levin AT, Hanage WP, Owusu-Boaitey N, Cochran KB,
Walsh SP, Meyerowitz-Katz G. Assessing the age specificity
of infection fatality rates for COVID-19: systematic review,
meta-analysis, and public policy implications. Eur ] Epidemiol.
2020;35(12):1123-38. doi: 10.1007/s10654-020-00698-1.
Ho FK, Petermann-Rocha F, Gray SR, Jani BD, Katikireddi SV,
Niedzwiedz CL, et al. Is older age associated with COVID-19
mortality in the absence of other risk factors? General
population cohort study of 470,034 participants. PLoS One.
2020;15(11):e0241824. doi: 10.1371/journal.pone.0241824.
Dessie ZG, Zewotir T. Mortality-related risk factors of
COVID-19: a systematic review and meta-analysis of 42
studies and 423,117 patients. BMC Infect Dis. 2021;21(1):855.
doi: 10.1186/512879-021-06536-3.

Hesni E, Sayad B, Khosravi Shadmani F, Najafi F, Khodarahmi
R, Rahimi Z, et al. Demographics, clinical characteristics,
and outcomes of 27,256 hospitalized COVID-19 patients in
Kermanshah province, Iran: a retrospective one-year cohort
study. BMC Infect Dis. 2022;22(1):319. doi: 10.1186/s12879-
022-07312-7.

Albitar O, Ballouze R, Ooi JP, Sheikh Ghadzi SM. Risk
factors for mortality among COVID-19 patients. Diabetes
Res Clin  Pract. 2020;166:108293. doi: 10.1016/j.
diabres.2020.108293.

Peckham H, de Gruijter NM, Raine C, Radziszewska A,
Ciurtin C, Wedderburn LR, et al. Male sex identified by global
COVID-19 meta-analysis as a risk factor for death and ITU
admission. Nat Commun. 2020;11(1):6317. doi: 10.1038/
$s41467-020-19741-6.

Trouillet-Assant S, Viel S, Ouziel A, Boisselier L, Rebaud
P, Basmaci R, et al. Type I interferon in children with viral
or bacterial infections. Clin Chem. 2020;66(6):802-8. doi:
10.1093/clinchem/hvaa089.

Sohrabi MR, Amin R, Maher A, Bahadorimonfared A, Janbazi

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

S, Hannani K, et al. Sociodemographic determinants and
clinical risk factors associated with COVID-19 severity: a
cross-sectional analysis of over 200,000 patients in Tehran,
Iran. BMC Infect Dis. 2021;21(1):474. doi: 10.1186/s12879-
021-06179-4.

Bashirian S, Mohammadi-Khoshnoud M, Khazaei S,
Talebighane E, Keramat F, Bahreini F, et al. Identification
of risk factors for COVID-19-related death using machine
learning methods. Tanaffos. 2022;21(1):54-62.
Hernandez-Cardenas CM, Choreno-Parra JA, Torruco-Sotelo
C, Jurado F, Serna-Secundino H, Aguilar C, et al. Clinical
risk factors for mortality among critically ill Mexican patients
with COVID-19. Front Med (Lausanne). 2021;8:699607. doi:
10.3389/fmed.2021.699607.

Sharifi F, Mehrolhassani MH, Ahmadi Gohari M, Karamoozian
A, Jahani Y. Clinical risk factors of need for intensive care
unit admission of COVID-19 patients; a cross-sectional study.
Arch Acad Emerg Med. 2023;11(1):e15. doi: 10.22037/aaem.
v1Til.

Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors
associated with acute respiratory distress syndrome and death
in patients with coronavirus disease 2019 pneumonia in
Wuhan, China. JAMA Intern Med. 2020;180(7):934-43. doi:
10.1001/jamainternmed.2020.0994.

Shi L, Wang Y, Wang Y, Duan G, Yang H. Dyspnea rather
than fever is a risk factor for predicting mortality in patients
with COVID-19. | Infect. 2020;81(4):647-79. doi: 10.1016/j.
jinf.2020.05.013.

Zheng Z, Peng F, Xu B, ZhaoJ, Liu H, Peng]J, et al. Risk factors
of critical & mortal COVID-19 cases: a systematic literature
review and meta-analysis. ] Infect. 2020;81(2):e16-25. doi:
10.1016/}.jinf.2020.04.021.

Trigo J, Garcia-Azorin D, Planchuelo-Gémez A, Martinez-
Pias E, Talavera B, Herndndez-Pérez |, et al. Factors
associated with the presence of headache in hospitalized
COVID-19 patients and impact on prognosis: a retrospective
cohort study. ] Headache Pain. 2020;21(1):94. doi: 10.1186/
s10194-020-01165-8.

Gonzalez-Martinez A, Fanjul V, Ramos C, Serrano Ballesteros
J, Bustamante M, Villa Marti A, et al. Headache during SARS-
CoV-2 infection as an early symptom associated with a more
benign course of disease: a case-control study. Eur J Neurol.
2021;28(10):3426-36. doi: 10.1111/ene.14718.

Rees EM, Nightingale ES, Jafari Y, Waterlow NR, Clifford
S, Pearson CA, et al. COVID-19 length of hospital stay:
a systematic review and data synthesis. BMC Med.
2020;18(1):270. doi: 10.1186/s12916-020-01726-3.

Adham D, Habibzadeh S, Ghobadi H, Asghari Jajin S,
Abbasi-Ghahramanloo A, Moradi-Asl E. Epidemiological
characteristics and mortality risk factors among COVID-19
patients in Ardabil, northwest of Iran. BMC Emerg Med.
2021;21(1):67. doi: 10.1186/s12873-021-00463-x .
Nikpouraghdam M, Jalali Farahani A, Alishiri G, Heydari
S, Ebrahimnia M, Samadinia H, et al. Epidemiological
characteristics of coronavirus disease 2019 (COVID-19)
patients in IRAN: a single center study. J Clin Virol.
2020;127:104378. doi: 10.1016/j.jcv.2020.104378.

Noor FM, Islam MM. Prevalence and associated risk factors
of mortality among COVID-19 patients: a meta-analysis.
) Community Health. 2020;45(6):1270-82. doi: 10.1007/
510900-020-00920-x.

Jafari H, Ranjbari M. Alkaloids derived from marine algae
and their therapeutic properties—-mini-review. ] Mar Med.
2019;1(1):3-10. [Persian].

78

| Journal of Kerman University of Medical Sciences. Volume 31, Number 2, 2024


https://doi.org/10.1016/j.envpol.2020.114465
https://doi.org/10.1016/j.envpol.2020.114466
https://doi.org/10.1016/j.envres.2020.109553
https://doi.org/10.1016/j.envres.2020.109553
https://doi.org/10.1016/j.scs.2020.102577
https://doi.org/10.1016/j.cegh.2020.08.017
https://doi.org/10.32592/ircmj.2021.23.9.1230
https://doi.org/10.3390/ijerph18126228
https://doi.org/10.1371/journal.pone.0195344
https://doi.org/10.1007/s10654-020-00698-1
https://doi.org/10.1371/journal.pone.0241824
https://doi.org/10.1186/s12879-021-06536-3
https://doi.org/10.1186/s12879-022-07312-7
https://doi.org/10.1186/s12879-022-07312-7
https://doi.org/10.1016/j.diabres.2020.108293
https://doi.org/10.1016/j.diabres.2020.108293
https://doi.org/10.1038/s41467-020-19741-6
https://doi.org/10.1038/s41467-020-19741-6
https://doi.org/10.1093/clinchem/hvaa089
https://doi.org/10.1186/s12879-021-06179-4
https://doi.org/10.1186/s12879-021-06179-4
https://doi.org/10.3389/fmed.2021.699607
https://doi.org/10.22037/aaem.v11i1
https://doi.org/10.22037/aaem.v11i1
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1016/j.jinf.2020.05.013
https://doi.org/10.1016/j.jinf.2020.05.013
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.1186/s10194-020-01165-8
https://doi.org/10.1186/s10194-020-01165-8
https://doi.org/10.1111/ene.14718
https://doi.org/10.1186/s12916-020-01726-3
https://doi.org/10.1186/s12873-021-00463-x
https://doi.org/10.1016/j.jcv.2020.104378
https://doi.org/10.1007/s10900-020-00920-x
https://doi.org/10.1007/s10900-020-00920-x

