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Abstract

Background: The current study aimed to identify effective factors on the death among COVID-19 patients.
Methods: All articles published in the period Jan 1, 2020, to Mar 23, 2020, written in English and reporting fac-
tors associated with COVID-19 mortality were reviewed. The random-effects model with 95% CI was used to
calculate the pooled Odds Ratio (OR) and Hazard Ratio (HR). Data were analyzed using Stata ver.11.0.

Results: The older age OR: 1.21(1.10-1.33) and male gender OR: 1.41(1.04-1.89) were most prone to death due
to COVID-19. The Comorbidity with some chronic diseases such as Diabetes type2 OR: 2.42(1.06-5.52), Hy-
pertension OR: 2.54(1.21-5.32), Kidney disorder OR: 2.61(1.22-5.60), Respiratory disorder 3.09 (1.39-6.88) and
Heart diseases OR: 4.37 (1.13-16.90) can increase the risk of COVID19 mortality.

Conclusion: Infection with COVID-19 is associated with substantial mortality mainly in older patients with
comorbidities. We found the significant effect of age, gender and comorbidities such as Diabetes Mellitus, Hy-
pertension, Kidney disorders and Heart diseases on the risk of death in patients with COVID-19. The factors
associated with mortality found in this research can help to recognize patients with COVID-19 who are at high-
er risk of a poor prognosis. Monitoring these factors can serve to give early warning for the appropriate inter-
ventions.
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Introduction

Coronavirus Disease or (COVID-19), is an infec-
tious disease caused by a new coronavirus that
can transmit from one infected person to an av-
erage of 3 other people in a population (1). This
emerging disease epidemiologically is similar to
Severe Acute Respiratory Syndrome (SARS) and
the Middle East Respiratory Syndrome (MERS),
which were previously epidemic (2).
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Although most of the people have mild symp-
toms, some may develop respiratory failure, ar-
rhythmia, shock, renal failure, cardiovascular inju-
ry, or hepatic failure sometimes death (3, 4). At
present, there is no effective antiviral treatment,
only supportive care may be useful; such as me-
chanical ventilation, extracorporeal membrane
oxygenation (ECMO) to patients with refractory
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hypoxemia, or ECMO to patients with refractory
hypoxemia (4).

The overall Case Fatality Rate (CFR) is estimated
to be 3.8%. CFR in patients with cardiovascular
disease, diabetes, hypertension, respiratory dis-
eases and cancer are estimated to be 13.2%,
9.2%, 8.4%, 8.0% and 7.6%, respectively (5).
Several studies focusing on factors affecting the
mortality of COVID-19 have been published in
medical journals. Summarizing and combining
the results of these studies are essential to pro-
vide convincing, and reliable evidence for clinical
decision-making. Systematic reviews usually per-
formed on clinical trials, they have also been used
to combine and synthesize observational studies
when interventional studies are not feasible ().
This is the case for the factors affecting the mor-
tality of COVID-19.

We investigated the possible risk factors of death
in patients with COVID-19, and determined the
features that may predict mortality.

Materials and Methods

Eligibility critetia

All articles published in the period Jan 1, 2020, to
Mar 23, 2020, written in English and reporting
factors associated with COVID-19 mortality
were reviewed. Cohort, case-control, ot cross-
sectional studies were included. Review articles as
well as articles that lacked original data or report-
ed incomplete data were excluded.

Information sources and search strategy

We conducted a systematic review using Med-
line/PubMed, Scopus, and Google scholat. The
following search terms wused: “risk factors”,
“COVID-19”, “coronavirus disease 20197,
“coronavirus disease-19”, “2019 novel corona-
virus disease”, “severe acute respiratory syn-
drome coronavirus”, “mortality”’; “death”. The
searches were concluded by Mar 23, 2020, and
two researchers independently assessed search
results. References of related papers were also
searched for other relevant articles to enhance
the search strategy.
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Study selection

The results of the search strategy were initially
screened based on abstracts and titles. The full
text of related articles was then evaluated based
on the inclusion and exclusion criteria. Observa-
tional studies that reported factors associated
with death were included in the meta-analysis.

Data collection process and data items

Data including the type and date of publication,
country, the sample size, age, sex and other fac-
tors associated with COVID-19 mortality were
extracted independently by two researchers. A
third researcher checked the article list and data
extractions to ensure there were no duplicate ar-
ticles and resolved discrepancies about study in-
clusion.

Assessment of methodological quality, risk of
bias and publication bias

In order to quality assessment, we used the New-
castle Ottawa Scale for cohort, case-control and
cross-sectional studies (7, 8). According to these
checklists, the studies can be divided into three
groups (good quality, Fair quality and poor quali-
ty). The publication bias was assessed using
Begg’s and Egger’s tests.

Meta-regression analysis
To assess the effect of sample size on pooled es-
timations the meta-regression analysis was used.

Statistical approach

The random-effects model with 95% CI was used
to calculate the pooled Odds Ratio (OR) and
Hazard Ratio (HR), given variable degrees of data
heterogeneity, and given the inherent heterogene-
ity in any systematic review of published papers
from the literature. Considering the rarity as-
sumption for death due to COVID-19 in a sce-
nario we assumed OR and HR equal so we calcu-
lated pooled effect by combination OR and HR.
The data were analyzed using Stata version 11.0.
Pooled OR and its 95% confidence intervals
(95% Cls) were used to summarize the weighted
effect size for each study-grouping variable using
the binary random-effects model. Measures of
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heterogeneity, including Cochran's () statistic, the
I index, and the tau-squared test, were estimated
and reported.

E'thics Statement

This study was approved by the Ethical Commit-
tee of Baqgiyatallah University of Medical Sciences
with ID: IR. BMSU.REC.1399.095.

Results

Study selection and descriptive characteris-
tics

In the current systematic review and meta-
analysis, 13 studies that assessed the effective fac-
tors on COVID-19 mortality were included in

final analysis. After searching PubMed and
Google Scholar electronic databases, 88 possibly
relevant articles were identified; 19 articles were
removed due to duplication. Of the remaining 69
articles, 42 were excluded after screening based
on abstract and title. Finally, 27 publications re-
mained to be checked by reading their full text.
Moreover, we excluded 14 articles after applying
the inclusion and exclusion criteria: 3 articles
were case series; 9 articles had no reported data
on parameters of interest; 2 articles had no con-
trol group; in total, 13 eligible studies were in-
cluded in meta-analysis (Fig. 1). All of included
studies have been published during 2020 in Chi-
na. The mean sample size was 944 (Range: 27 -
9651) (Table 1).
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Fig.1: PRISMA Flow Diagram for included studies in current meta-analysis
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Table 1: Characteristics of the included studies on effective factors on mortality COVID-19, 2020

First Author

Country

Year

Sample Size

Study type

Extracted Risk factor

Quality

Jiatao Lu, et al(44)

Fei Zhou, et al(45)

Yichun
al(46)

Cheng, et

Zhibing Lu, et al(47)

ChaominWu, et
al(12)

Yi Yang, et al(48)

Qiao Shi, et al(29)

Xiaowei
al(49)
F Caramelo, et al(50)

Deng, et

Kun Wang, et al(51)

Qiao Shi, et al(24)
Mingli Yuan, et al(52)

Xiaobo
al(53)

Yang, et

China

China

China

China

China

China

China

China

China

China

China
China

China

2020

2020

2020

2020

2020

2020

2020

2020

2020

2020

2020
2020

2020

577

191

701

123

201

36

101

9651

305

79
27

52

Retrospective one-
centet cohort study

Retrospective co-

hort study

Prospective cohort
study

Retrospective

Retrospective co-
hort study

Retrospective co-

hort study
Retrospective study

Cohort

Descriptive explora-
tory analysis

Cohort study

Case control study
Retrospective study

Retrospective study

Age, Sex, Hypertension, Diabe-
tes mellitus

Age, Sex, Smoking, Chronic
pulmonary disease, coronary
heart disease, Diabetes mellitus,
Hypertension
Age, Sex
Acute kidney injury stagel
Acute kidney injury stage2
Acute kidney injury stage3
Sex, Smoking, Hypertension
Coronary heart disease
Diabetes mellitus, Respiratory
failure
Malignancy, Chronic kidney
disease
Fever, Cough, Fatigue, Head-
ache ,Hemoptysis, Dyspnea
Age, Sex, Fever, Hypertension
Diabetes mellitus

Age, Sex

Age, Sex, Fever, Fatigue, Myalgia
Headache, Hypertension, Dysp-
nea, Cough
coronary heart disease, Diabetes
mellitus
Chronic pulmonary disease,
Chronic kidney disease, Malig-
nancy, Respiratory failure
Acute kidney injury
Age, Sex

Sex, Hypertension
Diabetes mellitus, cardiac disease
Respiratory failure, Malignancy
Age, Fever, Hypertension

Diabetes mellitus
Sex, Hypertension, Diabetes
mellitus
cardiac disease, Malignancy,
Respiratory failure, Fever,
Cough
Myalgia, Dyspnea
Sex, cardiac disease, Chronic
pulmonary disease, Diabetes
mellitus
Malignancy, Smoking, Fever
Cough, Respiratory failure
Myalgia, Headache, Respiratory
failure
Acute kidney injury

Good

Good

Good

Good

Good

Good

Good

Fair

Fair

Good

Good
Good

Good
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Assessment of effective factors on death of
COVID-19

Eight studies had investigated the effect of the
age on Mortality of COVID-19. The result of
meta-analysis showed that the older age signifi-
cantly effects on Mortality (OR=1.21, 95% CI:
1.10-1.33) with a significant between-study heter-
ogeneity (P=<0.001, I* =91.4%). There was a
significant association between gender and death
due to COVID-19. The male gender significantly
affects Mortality (OR=1.41, 95% CI: 1.04-1.89).
The heterogeneity across the 11 included studies
was significant (P=0.005, I* =74.5%). According
to the overall result of meta-analysis on 9 studies,
diabetes (type2) comorbidity showed significant
effect on Mortality (OR=2.42, 95% CI: 1.06-
5.52). With a significant between-study heteroge-
neity (P=0.001, I* = 90.1%).

The analysis of 8 studies reported the data on
Hypertension showed a significant effect of Hy-
pertension comorbidity on Mortality (OR=2.54,
95% CI: 1.21-5.32) with a significant between-
study heterogeneity (P=0.001, I* =90.7%).
According to the results of a meta-analysis of 7
records, reported data on kidney disorders
comorbidity, having kidney disorders resulted in
significant increase in odds of mortality with con-
trol group (OR=2.61, 95% CI: 1.22-5.60). The
heterogeneity across the included studies was sig-
nificant (P=0.001, I’=77.6%).

The results of a meta-analysis of 13 records had
investigated the effect of the Respiratory disor-
ders comorbidity on mortality, respiratory disor-
ders significantly affect mortality (OR=3.09, 95%
CI: 1.39-6.88). The heterogeneity across the in-
cluded studies was significant (P= 0.001, T?
=81.4%).

Six studies had investigated the effect of the
Heart disease comorbidity on mortality. The re-
sult of the meta-analysis showed that heart dis-
eases significantly affect Mortality (OR=4.37,
95% CI: 1.13-16.90). The heterogeneity across
the included studies was significant (P=0.001, I?
=88%)).

Five studies had investigated the effect of the
malignancy on mortality of COVID-19. Malig-
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nancy does not significantly affect mortality
(OR=2.206, 95% CI: 0.73-6.22). The heterogeneity
across the included studies was significant (P=
0.04, I* =60.2%).

In three studies, Smoking resulted in increased
risk of Mortality, but the observed effect was not
significant (OR=1.7, 95% CI: 0.53-5.35). There
was no significant heterogeneity among studies
(I* = 43.3%, P=0.17).

In total, 4, 6, 2 and 3 studies had investigated the
effect of cough, fever, fatigue and headache, re-
spectively on mortality of COVID-19. Clinical
symptoms do not significantly affect mortality
(for cough OR=0.78, 95% CI: 0.46-1.31, for fe-
ver OR=0.76, 95% CI: 0.35-1.68, for fatigue
OR=1.52, 95% CI. 0.52-2.87, for headache
OR=0.41, 95% CI: 0. 0.11-1.50). Regarding Clin-
ical symptoms the heterogeneity across the in-
cluded studies was not significant (for cough
P=0.59, > =0.00%; for fever P=0.05, I°=53.4%;
for fatigue P=0.72, 1°=0.00%; for Headache
P=0.57, 1°’=0.00%) (Table 2).

Pupblication bias

There was no evidence of publication bias
among the included articles assessing the effect
factors on death of COVID-19 using Begg's test
(Age; P=1.0, Gender; P=0.2, Diabetes=0.3, Hy-
pertension; P=0.7, Kidney disorders'=0.1, Malig-
nancy=0.1, Cough; P=0.1, Fever; P=0.1, Fatigue;
P=0.1, Headache; P=0.001, Respiratory disorder;
P=0.4, Heart diseases; P=0.8, Smoking; P=0.1)
and Egger's tests (Age; P=1, Gender; P=0.1, Di-
abetes=0.03, HTN; P=0.06, Kidney disorders;
P=0.1, Malignancy; P=0.001, Cough; P=0.7, Fe-
ver; P=0.1, Fatigue; P=0.1 , Headache; P=0.02 ,
Respiratory disorder; P=0.2, Heart diseases;
P=0.1, Smoking; P=0.001).

Meta-regression analysis

The effect of sample-size in different studies on
the pooled measures was assessed. The sample
size variation in different studies does not have a
significant effect on heterogeneity between stud-
ies about different factors (P>0.05).
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Table 2: Meta-analysis of Effective factors on Death of COVID-19 (random-effects model)

Variables Measure of association Number of Estimation Q v 7
tools studies or
records
Hazard Ratio(95% CI) 4 3.38(1.31-8.74)  <0.001  95.7 0.85
Age(yt) Odds Ratio(95% CI) 4 1.13(1.08-1.18) 0.023 68.4 0.001
Pooled 8 1.21(1.10-1.33)  <0.001 914 0.010
Sex Hazard Ratio(95% CI) 4 1.06(0.51-2.18) 0.003 78.4 0.38
Odds Ratio(95% CI) 7 1.70(1.30-2.21) 0.25 60.0 00.03
Pooled 11 1.41(1.04-1.89)  <0.005 74.5 0.11
Diabe- Hazard Ratio(95% CI) 2 1.96(1.19-3.22) 0.36 0.00 0.00
tes(type2)
Odds Ratio(95% CI) 7 2.63(0.91-7.25)  <0.001  90.0 1.59
Pooled 9 2.42(1.06-5.52)  <0.001  90.1 1.26
Hypertension Hazard Ratio(95% CI) 2 1.70(1.08-2.60) 1.00 0.00 0.00
Odds Ratio(95% CI) 6 2.97(1.22-7.23)  <0.001  89.5 0.95
Pooled 8 2.54(1.21-5.32)  <0.001  90.7 0.91
Kidney disor- Hazard Ratio(95% CI) 3 6.33(3.46-11.57) 0.13 49.9 0.14
der
Odds Ratio(95% CI) 4 1.35(0.57-3.22) 0.07 52.5 0.49
Pooled 7 2.61(1.22-5.60)  <0.001  77.6 0.87
Malignancy Odds Ratio(95% CI) 5 2.26(0.73-6.22) 0.04 60.2 0.83
Cough Odds Ratio(95% CI) 4 0.78(0.46-1.31) 0.59 0.00 0.00
Fever Hazard Ratio(95% CI) 1 0.41(0.20-0.81) - - 0.00
Odds Ratio(95% CI) 5 0.97(0.38-2.48) 0.12 44.9 0.48
Pooled 6 0.76(0.35-1.68) 0.05 53.4 0.46
Fatigue Odds Ratio(95% CI) 2 1.52(0.52-2.87) 0.72 0.00 0.00
Headache Odds Ratio(95% CI) 3 0.41(0.11-1.50) 0.57 0.00 0.00
Respiratory Odds Ratio(95% CI) 13 3.09(1.39-6.88)  <0.001  81.4 1.40
disorder
Heart diseases Odds Ratio(95% CI) 6 4.37(1.13-16.90)  <0.001  88.0 2.15
Smoking Odds Ratio(95% CI) 3 1.70(0.53-5.35) 0.17 43.3 0.44
Discussion To date, more than 1,589,372 cases have been

The COVID-19 is a highly contagious emerging
disease that threatens people of all countries in
the world (9). The disease has a wide range of
clinical manifestations, from asymptomatic infec-
tion to severe and fatal pneumonia (10). Unfor-
tunately, and only supportive therapies are availa-
ble. On the other hand, the number of centers
that provide intensive medical care as well as me-
chanical ventilator devices in many parts of the
wortld is insufficient (4).

Awvailable at:
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reported worldwide and from different countries
(11). To deal with such an emerging infectious
disease, there is an urgent need to identify and
determine factors associated with evolution of
the disease and its outcomes. In this systematic
review and meta-analysis study, we reported the
factors associated with death in patients with
COVID-19.

The present study indicated the significant effects
of age, gender and comorbidities such as diabetes
mellitus, hypertension, kidney disorders and heart
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diseases on risk of death in patients with
COVID-19.

The pooled analysis revealed older age is associ-
ated with higher risk of mortality may be due to
lower levels of immune response at an older age.
Older age is associated with declined immune
competence (12). Older age is correlated with
mortality in SARS (13) and MERS (14). Defects
in T-cell and B-cell function and excess produc-
tion of type 2 cytokines due to ageing could lead
to an increase in viral replication and therefore to
poor outcomes (15).

The present study showed that male gender sig-
nificantly increases mortality (OR=1.41, 95% CI:
1.04-1.89. In a study on more than 44,000 Chi-
nese cases, a CFR of 1.7% for females versus
2.8% for males has been reported (16). One
study on 1099 patients with COVID-19 from 552
hospitals in China reported that only 42% of the
patients were female (17). The fact that men are
more susceptible to infection may be due to the
X chromosome and sex hormones, reported to
play role in innate and adaptive immunity (18).
The effect of comorbidities on the prognosis of
COVID-19 is similar to that reported for other
respiratory infectious diseases such as MERS
(19). Hypertension, diabetes, cardiovascular dis-
cases, and respiratory system disease were
amongst the most common comorbidities in
COVID-19 patients (20). The diseases such as
hypertension, diabetes, respiratory system diseas-
es, cardiovascular diseases, could be linked to the
pathogenesis of COVID-19 (20).

Our result showed that the diabetes mellitus (type
2) comorbidity had a significant effect on mortal-
ity (OR=2.42, 95% CI: 1.06-5.52). These findings
are consistent with the concept that has been
widely agreed upon in other studies that diabetic
patients are at higher risk of infection, intensive
Care Unit (ICU) admission and infection-related
mortality (21-23). The mortality of diabetic pa-
tients with COVID-19 has been reported to be
significantly higher and patients with diabetes are
more prone to complications and secondary in-
fections (24). The risk of hospitalization for dia-
betics following HIN1 flu has also been reported

1217

to be three times higher than in healthy individu-
als (25).

In diabetes, the accumulation of activated innate
immune cells leads to the release of inflammatory
mediators, especially, IL-13 and TNFa«, which
stimulates insulin resistance and B-cell damage
(26). Diabetes Mellitus could lead to low immune
function by macrophage and lymphocyte mal-
functioning (27). This could predispose diabetic
patients infected with COVID-19 to infections
and severe complications or death (19). Moreo-
ver, levels of various inflammatory factors in the
dead patients were significantly higher than those
in survivors (28). Results of a study showed a
significant reduction in CD3+ and CD8+ cell
count in COVID-19 infected diabetic patients
compared with non-diabetic individuals (29).
Poor glycemic control in diabetic patients could
impair immunity due to a decrease in T cell
counts. The results of our study in line with pre-
vious studies showed that hypertension increases
the risk of mortality in COVID-19 patients.

In China, hypertensive patients reported a more
severe form of COVID-19 disease (20). Mortality
among patients with MERS who had comorbidi-
ties such as diabetes and hypertension was more
compared to patients who had no comorbidity
(19).

Former studies (6, 30) on patients with kidney
disorders have shown that they are more suscep-
tible to infection with SARS and COVID-19 dis-
eases. Acute Renal Impairment is a negative
prognostic factor for survival in SARS patients
(30). Chronic Kidney Disease (CKD) was associ-
ated with an increased risk of severe COVID-19
infection (6).

The results of the present study showed that hav-
ing a respiratory disease significantly increases the
risk of death in COVID-19 patients. Respiratory
system diseases have been reported as a major
risk factor for severe COVID-19 among hospital-
ized patients (20, 31).

The result of meta-analysis showed that heart
diseases significantly affect mortality (OR=4.21,
95% CI: 1.19-14.82). Coronary heart disease has
also been found to be associated with poor out-
comes in influenza. Cardiovascular diseases have
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also been reported as a risk factor for MERS
(32). A study on Animal has shown that viral
RNA can be found in heart tissue, which can in-
dicate viral RNA damages to the heart (33). A
study reported a higher risk of death risk in influ-
enza patients who had pulmonary disease, cardi-
ovascular disease and hypertension (34).

Similar to our results a meta-analysis based on
Chinese studies suggests that active smoking does
not significantly increase the risk of severe dis-
ease in COVID-19 (35). In smokers level of an-
glotensin-converting enzyme 2 (ACE2) is lower
than for non-smokers. ACE2 is the host receptor
of the COVID-19 virus (36, 37). A non-
significant association was reported between
smoking and severity of COVID-19 (38).

The result of the current meta-analysis showed
that malignancy does not significantly affect mor-
tality (OR=2.26, 95% CI: 0.73-6.22). Patients
with cancer are often immunosuppressed and are
at the risk of severe complications (39). The CFR
of COVID-19 disease among patients with can-
cer has been estimated to be 5.6% (40), and one
study reported patients with cancer had higher
risk of severe COVID-19 disease (41).

The result of the current meta-analysis showed
that clinical symptoms do not significantly affect
mortality. Fever is the most common symptom in
patients with COVID-19, but not all patients had
fever (42, 43).

This review has limitations considered when in-
terpreting the results. First, a few studies are
available for inclusion. Second, most studies were
from China. Third, even though the current study
was performed without any language restrictions
and based on a comprehensive search strategy,
only English electronic databases were searched;
thus, some relevant non-English articles may
have been missed.

Conclusion

Infection with COVID-19 is associated with sub-
stantial mortality mainly in older patients with
comorbidities. We found a significant effect of
age, gender and comorbidities such as diabetes
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mellitus, hypertension, kidney disorders and heart
diseases on risk of death among patients with
COVID-19. The factors associated with mortality
found in this research can help recognizing pa-
tients with COVID-19 who are at higher risk of a
poor prognosis. Monitoring these factors can
serve to give early warning for the appropriate
interventions. To comprehensive understanding
of the disease, data from countries that are cut-
rently facing a high prevalence of disease and
mortality are needed. Additional research is also
needed to reveal lesser-known aspects of the
pathogenesis of severe and fatal infections.

Ethical considerations

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Acknowledgements
There is no financial support for this research.
Conflict of interest

The authors declare that there is no conflict of
interest.

References

1. Alimohamadi Y, Taghdir M, Sepandi M (2020).
The Estimate of the Basic Reproduction
Number for Novel Coronavirus disease
(COVID-19): A Systematic Review and Me-
ta-Analysis. | Prev Med Public Health, 53(3):
151-157.

2. Bonilla-Aldana DK, Dhama K, Rodriguez-
Morales AJ(2020). Revisiting the one health
approach in the context of COVID-19: a
look into the ecology of this emerging disease.
Ady Anim Vet Sei, 8(3):234-7.

3. Anderson RM, Heesterbeck H, Klinkenberg D,
et al (2020). How will country-based mitiga-
tion measures influence the course of the

1218


http://ijph.tums.ac.ir/

10.

11.

12.

13.

1219

Iran J Public Health, Vol. 49, No.7, Jul 2020, pp. 1211-1221

COVID-19
395(10228):931-4

Guo Y-R, Cao Q-D, Hong Z-S, et al (2020).
The origin, transmission and clinical therapies
on coronavirus disease 2019 (COVID-19)
outbreak—an update on the status. Mi/ Med
Res, 7(1):1-10.

Organization WH (2020). Report of the WHO-
China Joint Mission on Coronavirus Disease
2019 (COVID-19).  Available  from:
https:/ /www.who.int/docs/default-
soutce/ coronavituse/who-china-joint-
mission-on-covid-19-final-report.pdf

Stroup DF, Betlin JA, Morton SC, et al (2000).
Meta-analysis of observational studies in epi-
demiology: a proposal for reporting. [AMA,
283(15):2008-12.

Wells G, Shea B, O’Connell D, et al (2014).
Newcastle-Ottawa quality assessment scale
cohort studies. Ontario, Canada: University of

epidemic? Lancet,

Ottawa. Available from:
http:/ /www.ohti.ca/programs/ clinical_epide
miology/oxford.asp

Wells G, Shea B, O’Connell D, et al (2017).
Newcastle—Ottawa quality assessment scale—
case control studies. 2017. Available from:
http:/ /www.ohti.ca/programs/ clinical_epide
miology/nosgen.pdf

Wu F, Zhao S, Yu B, et al (2020). A new coro-
navirus associated with human respiratory
disease in China. Nature, 579(7798):265-9.

Adhikari SP, Meng S, Wu Y-, et al (2020). Epi-
demiology, causes, clinical manifestation and
diagnosis, prevention and control of corona-
virus disease (COVID-19) during the eatly
outbreak period: a scoping review. Infect Dis
Poveryy, 9(1):1-12.

wotldometers 2020. Available from:
https:/ /www.wotldometets.info/coronavirus
/#countries.

Wu C, Chen X, Cai Y, et al (2020).Risk factors
associated with acute respiratory distress
syndrome and death in patients with
coronavirus disease 2019 pneumonia in
Wuhan, China. [AMA Intern Med, doi:
10.1001 /jamainternmed.2020.0994

Hong K-H, Choi J-P, Hong S-H, et al ( 2018).
Predictors of mortality in Middle FEast
respiratory syndrome (MERS).
Thorasx,73(3):286-9.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

Choi KW, Chau TN, Tsang O, et al (2003).
Outcomes and prognostic factors in 267
patients with severe acute respiratory
syndrome in Hong Kong. Awmn Intern Med,
139(9):715-23.

Opal SM, Girard TD, Ely EW (2005). The
immunopathogenesis of sepsis in eldetly
patients. Clin Infect
Dis.41(Supplement_7):S504-S12.

Novel CPERE (2020).The epidemiological
characteristics of an outbreak of 2019 novel
coronavirus diseases (COVID-19) in China.
Zhonghua Lin Xing Bing Xue Za Zhi, 41(2):145.
[Article in Chinese; Abstract available in
Chinese from the publisher]

Guan W+, Ni Z-y, Hu Y, Liang W-h, et al
(2020). Clinical characteristics of coronavirus
disease 2019 in China. N Eng | Med,
382(18):1708-20.

Jaillon S, Berthenet K, Garlanda C. (2019).
Sexual dimorphism in innate immunity. Clini
Rev Allerg Innmunol, 56:308-321.

Badawi A, Ryoo SG (2016).Prevalence of
comorbidities in the Middle East respiratory
syndrome  coronavirus  (MERS-CoV): a
systematic review and meta-analysis. Inz | Infect
Dis, 49:129-33.

Yang ], Zheng Y, Gou X, et al (2020).
Prevalence of comorbidities in the novel
Wuhan coronavirus (COVID-19) infection: a
systematic review and meta-analysis. Inz | Infect
Dis, 94:91-5.

Carey IM, Critchley JA, DeWilde S, et al (2018).
Risk of infection in type 1 and type 2 diabetes
compared with the general population: a
matched cohott study. Diabetes Care41(3):513-
21.

van Crevel R, van de Vijver S, Moore DA (2017).
The global diabetes epidemic: what does it
mean for infectious diseases in tropical
countries? Lancet Diabetes Endocrinol, 5(6):457-
68.

Shah BR, Hux JE (2003). Quantifying the risk of
infectious diseases for people with diabetes.
Diabetes Care,26(2):510-3.

Shi Q, Zhang X, Jiang F, et al (2020). Diabetic
Patients with COVID-19, Characteristics and
Outcome: A Two Centre, Retrospective, Case
Control Study. SSRIN  Etectronic  Journal,
DOI: 10.2139/sstn.3551369.

Awvailable at:

http://ijph.tums.ac.ir


http://ijph.tums.ac.ir/
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/nosgen.pdf
http://www.ohri.ca/programs/clinical_epidemiology/nosgen.pdf
https://pmlegacy.ncbi.nlm.nih.gov/pubmed/?term=Wu+C%2C+Chen+X%2C+Cai+Y%2C+Zhou+X%2C+Xu+S%2C+Huang+H%2C+et+al.+Risk+factors+associated+with+acute+respiratory+distress+syndrome+and+death+in+patients+with+coronavirus+disease+2019+pneumonia+in+Wuhan%2C+China.+2020.
https://pmlegacy.ncbi.nlm.nih.gov/pubmed/?term=Opal+SM%2C+Girard+TD%2C+Ely+EWJCid.+The+immunopathogenesis+of+sepsis+in+elderly+patients.+2005%3B41(Supplement_7)%3AS504-S12.
https://pmlegacy.ncbi.nlm.nih.gov/pubmed/?term=Opal+SM%2C+Girard+TD%2C+Ely+EWJCid.+The+immunopathogenesis+of+sepsis+in+elderly+patients.+2005%3B41(Supplement_7)%3AS504-S12.
https://pmlegacy.ncbi.nlm.nih.gov/pubmed/?term=Guan+W-j%2C+Ni+Z-y%2C+Hu+Y%2C+Liang+W-h%2C+Ou+C-q%2C+He+J-x%2C+et+al.+Clinical+characteristics+of+coronavirus+disease+2019+in+China.+2020.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Awvailable at:

Sepandi et al.: Factors Associated with Mortality in COVID-19 Patients ...

Allard R, Leclerc P, Tremblay C et al (2010). Di-
abetes and the severity of pandemic influenza
A (HIN1) infection. Diabetes Care, 33(7):1491-
3.

Odegaard JI, Chawla A ( 2012).Connecting type
1 and type 2 diabetes through innate
immunity.  Cold  Spring  Harb  Perspect
Med2(3):a007724.

Dooley KE, Chaisson RE.( 2009). Tuberculosis
and diabetes mellitus: convergence of two
epidemics. Lancet Infect Dis.9(12):737-46.

Guo L, Wei D, WU Y, et al (2019). Clinical
features predicting mortality risk in patients
with viral pneumonia: the MulLBSTA score.
Front Microbiol,10:2752.

Shi Q, Zhao K, Yu J, et al (2020) Clinical
characteristics ~ of 101 non-surviving
hospitalized patients with COVID-19: A
single center, retrospective study. MedRxa,
2020. doi: 10.1101/2020.03.04.20031039

Chu KH, Tsang WK, Tang CS, et al ( 2005).
Acute renal impairment in coronavirus-
associated severe acute respiratory syndrome.
Kidney Int, 67(2):698-705.

Zhao X, Zhang B, Li P, et al ( 2020). Incidence,
clinical characteristics and prognostic factor
of patients with COVID-19: a systematic
review and meta-analysis. MedRxay, doi:
10.1101/2020.03.17.20037572

Alraddadi BM, Watson JT, Almarashi A, et al
(2014). Risk factors for primary Middle East
respiratory syndrome coronavirus illness in
humans, Saudi Arabia 2014. Ewmerg Infect
Dis,22(1):49.

Agrawal AS, Garron T, Tao X, et al
(2015).Generation of a transgenic mouse
model of Middle East respiratory syndrome
coronavitus infection and disease. | 177wl
89(7):3659-70.

Mertz D, Kim TH, Johnstone ], et al (2013).
Populations at risk for severe or complicated
influenza illness: systematic review and meta-
analysis. BM], 347:£5061.

Lippi G, Henry BM (2020). Active smoking is
not associated with severity of coronavirus
disease 2019 (COVID-19). Eur | Intern Med,
75: 107-108.

Wan Y, Shang J, Graham R, et al (2020).
Receptor  recognition by the novel
coronavirus from Wuhan: an analysis based

http://ijph.tums.ac.ir

37.

38.

39.

40.

41.

42.

43,

45,

46.

47.

on decade-long structural studies of SARS
coronavirus. | I7zrof, 94(7):e00127-20.

Oakes JM, Fuchs RM, Gardner JD , et al
(2018). Nicotine and the renin-angiotensin
system. Awz | Physiol Regul Integr Comp Physiol,
315(5):R895-R906.

Zhang J-j, Dong X, Cao Y-y, et al (2020). Clinical
characteristics of 140 patients infected with
SARSCoV2 in Wuhan, China. Alergy, doi:
10.1111/all.14238. [Epub ahead of prin]

Weinkove R, McQuilten ZK, Adler J, et al
(2020). Managing haematology and oncology
patients during the COVID-19 pandemic:
interim consensus guidance. Med | Australia,
dot:https:/ /doi.otg/10.5694/mja2.50607

Wu Z, McGoogan JM (2020). Characteristics of
and important lessons from the coronavirus
disease 2019 (COVID-19) outbreak in China:
summary of a report of 72 314 cases from the
Chinese Center for Disease Control and
Prevention. JANM.A, 323(13):1239-42.

Liang W, Guan W, Chen R, et al (2020). Cancer
patients in  SARS-CoV-2 infection: a
nationwide analysis in China. Lancet Oncol,
21(3):335-7.

Huang C, Wang Y, Li X et al (2020). Clinical
features of patients infected with 2019 novel
coronavitus in Wuhan, China.
Lancet,395(10223):497-500.

Chen N, Zhou M, Dong X, et al (2020).
Epidemiological and clinical characteristics of
99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: a descriptive
study. Lancer,395(10223):507-13.

Cao Z, Zhang Q, Lu X, et al (2020). Estimating
the effective reproduction number of the
2019-nCoV in  China. MedRxp, doi:
10.1101/2020.01.27.20018952.

Zhao S, Lin Q, Ran |, et al ( 2020). Preliminary
estimation of the basic reproduction number
of novel coronavirus (2019-nCoV) in China,
from 2019 to 2020: A data-driven analysis in
the eatly phase of the outbreak. Int | Infect Dis,
92:214-7.

Cheng Y, Luo R, Wang K, et al (2020). Kidney
disease is associated with in-hospital death of
patients with COVID-19.  Kidney Int,
97(5):829-838.

Chen M, Fan Y, Wu X, et al (2020). Clinical
characteristics and risk factors for fatal
outcome in patients with 2019-coronavirus

1220


http://ijph.tums.ac.ir/
https://pmlegacy.ncbi.nlm.nih.gov/pubmed/?term=Zhang+J-j%2C+Dong+X%2C+Cao+Y-y%2C+Yuan+Y-d%2C+Yang+Y-b%2C+Yan+Y-q%2C+et+al.+Clinical+characteristics+of+140+patients+infected+with+SARS%E2%80%90CoV%E2%80%902+in+Wuhan%2C+China.+Allergy.+2020.
https://doi.org/10.5694/mja2.50607
https://pmlegacy.ncbi.nlm.nih.gov/pubmed/?term=Cheng+Y%2C+Luo+R%2C+Wang+K%2C+Zhang+M%2C+Wang+Z%2C+Dong+L%2C+et+al.+Kidney+disease+is+associated+with+in-hospital+death+of+patients+with+COVID-19.+Kidney+international.+2020.

Iran J Public Health, Vol. 49, No.7, Jul 2020, pp. 1211-1221

infected disease (COVID-19) in Wuhan,
China. Available at SSRIN:
https:/ /sstn.com/abstract=3546069

48. Yang Y, Shi |, Ge S, et al (2020). Effect of con-
tinuous renal replacement therapy on all-
cause mortality in COVID-19 patients under-
going invasive mechanical ventilation: a retro-
spective  cohort  study. MedRxiy,  doi:
10.1101/2020.03.16.20036780

49. Deng X, Yang ], Wang W, et al (2020). Case
fatality risk of novel coronavirus diseases
2019 in China. medRxiv. doi: MedRocp, 2020.
doi: 10.1101,/2020.03.04.20031005

50. Caramelo F, Ferreira N, Oliveiros B. (2020).
Estimation of risk factors for COVID-19
mortality-preliminary results. MedRxiv, 2020.
doi: 10.1101/2020.02.24.20027268

1221

51. Zhou F, Yu T, Du R, et al (2020).Clinical course
and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China:
a retrospective cohort study.  Lancet,
395(10229) :1054-62.

52. Yuan M, Yin W, Tao Z, Tan W, et al (2019).
Association of radiologic findings with
mortality of patients infected with 2019 novel
coronavitus in  Wuhan, China. PlsS
One,15(3):20230548.

53. Yang X, Yu'Y, Xu J, et al (2020). Clinical course
and outcomes of critically ill patients with
SARS-CoV-2 pneumonia in Wuhan, China: a
single-centered, retrospective, observational

study. Lancet Respir Med, 8(5): 475-81.

Available at:  http://ijph.tums.ac.ir


http://ijph.tums.ac.ir/
https://ssrn.com/abstract=3546069
https://www.sciencedirect.com/science/journal/01406736/395/10229
https://pmlegacy.ncbi.nlm.nih.gov/pubmed/?term=Lancet%20Respiratory%20Medicine%5BAuthor%5D&cauthor=true&cauthor_uid=25593087
https://www.sciencedirect.com/science/journal/22132600/8/5

