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Abstract

Objectives: This study aims to investigate the risk factors associated with severity and death from COVID-19 through a systematic
review and meta-analysis of the published documents in Iran. Methods: A systematic search was performed based on all articles
indexed in Scopus, Embase, Web of Science (WOS), PubMed, and Google Scholar in English and Scientific Information Database
(SID) and lIranian Research Institute for Information Science and Technology (IRA)NDOC indexes in Persian. To assess quality,
we used the Newcastle Ottawa Scale. Publication bias was assessed using Egger’s tests. Forest plots were used for a graphical descrip-
tion of the results. We used HRs, and ORs reported for the association between risk factors and COVID-19 severity and death.
Results: Sixty-nine studies were included in the meta-analysis, of which 62 and |3 had assessed risk factors for death and severity,
respectively. The results showed a significant association between death from COVID-19 and age, male gender, diabetes, hyperten-
sion, cardiovascular disease (CVD), cerebrovascular disease, chronic kidney disease (CKD), Headache, and Dyspnea. We observed a
significant association between increased white blood cell (WBC), decreased Lymphocyte, increased blood urea nitrogen (BUN),
increased creatinine, vitamin D deficiency, and death from COVID-19. There was only a significant relationship between CVD
and disease severity. Conclusion: It is recommended that the predictive risk factors of COVID-19 severity and death mentioned
in this study to be used for therapeutic and health interventions, to update clinical guidelines and determine patients’ prognoses.
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Introduction

The COVID-19 disease spread rapidly to all other countries after
being detected in China in 2019, and the World Health
Organization declared COVID-19 pandemics.'” Although it
was initially thought that this disease was no different from
other diseases such as SARS and influenza in terms of mortality,
hospitalization, and death,® with increasing evidence and over
time, it was shown that in addition to various health, economic
and social consequences it also has many psychological effects
on human societies.*> As of July 22, 2022, this pandemic has
affected about 551 million people and killed 6.5 million
people worldwide.® In Iran, until Jun 22, 2022, six waves of epi-
demics have been repeated. About 7.5 million cases of
COVID-19 disease have been tested positive for PCR, and
with 141 300 deaths reported, the death rate from the disease
is 1.88 per 100 000 general population.” These numbers can
vary depending on the disease’s underestimation and lack of
testing. Based on the estimated excess death related to
COVID-19, the actual death will be twice as many as reported
in Iran.®
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Although interventions such as vaccination have been
able to reduce the incidence of death and COVID-19 world-
wide, the long-term problems with COVID have added to the
concerns of human societies.”'’ Evidence suggests that
COVID-19 has long-term consequences for the heart,
brain, and other organs.'' Globally, about 53.2 million
major depressive disorder cases have been reported due to
the COVID-19 pandemic, and the pooled prevalence is
3152.9 cases per 100 000 population. As a result, the side
effects of COVID-19 can be serious and manifest themselves
in the long run.'? The risk of cardiovascular disorders in
people with COVID-19 is significantly higher than in those
without the disease.'® It is estimated that the countries will
face many challenges with long-COVID in the next years.
As a result, it is possible to reduce the long-term and short-
term effects of COVID-19 infection by performing evidence-
based interventions, identifying the relevant, effective
factors, and finally preventing infection, death, and
hospitalization.'*

From the beginning of the COVID-19 pandemic, countries
have adopted different policies and interventions to reduce
the burden of COVID-19 in terms of death, hospitalization,
and even social, psychological, and economic effects.'”
Some countries, such as China, have followed the zero-
COVID-19 approach,'® while others have imposed restric-
tions, mass vaccinations, contact tracing, and other non-
pharmacological interventions.'” Although social and public
interventions in countries reduce the adverse effects of
COVID-19, recognizing the risk factors associated with
COVID-19 severity and death in communities can help the
health system identify high-risk groups and implement appro-
priate risk-reduction interventions.'®!? In Iran, several social
and non-pharmacological interventions have been performed
to reduce the COVID-19 adverse effects, but recognizing the
factors associated with the incidence of death and severity can
provide comprehensive information on high-risk and low-risk
groups. To our knowledge, separate studies have shown the
relationship between some factors, but systematically,
related risk factors have not been studied. Current meta-
analysis studies have also been conducted with limited arti-
cles in the past, and the findings of newer meta-analyses
can help to show better the clinical, epidemiological, and
diagnostic aspects of this disease. This study aims to investi-
gate the risk factors associated with severity and death from
COVID-19 through a systematic review and meta-analysis
of the published documents in Iran.

Materials and Methods
Setting

This study is in line with the recommendations outlined in the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.® We have investigated the risk
factors associated with severity and death from COVID-19 in Iran
from the beginning of the COVID-19 epidemic to March 20, 2022.

Search Strategy

A systematic searching was performed based on all articles
indexed in Scopus, Embase, Web of Science (WOS), PubMed,
and Google Scholar in English and Scientific Information
Database (SID) and IRANDOC indexes using the keywords
“(“Iran”[Mesh ~ Terms] OR  “Tran”[All  Fields]) AND
(“COVID-19”[Title/Abstract] OR “Corona”[Title/Abstract] OR
“2019 novel coronavirus”[Title/Abstract] OR “severe acute respi-
ratory syndrome coronavirus 2”[Title/Abstract] OR “‘corona virus
disease 2019”[Title/Abstract] OR “SARS-COV-2"[Title/Abstract]
OR “Coronavirus’[Title/Abstract]) OR “COVID”[Mesh]) AND
(“infection”[Title/Abstract] OR “incidence”’[Title/Abstract] OR
“morbidity”’[Title/Abstract] OR “sick*”[Title/Abstract] OR
“death”[Title/Abstract] OR “mortality”[Title/Abstract] OR
“fatal*”[Title/Abstract] OR “severity”’[Title/Abstract] OR
“ICU”[Title/Abstract] OR “hospital*”[Title/Abstract] OR
“Dying”[Title/Abstract] OR “intensit*”[Title/Abstract]) AND
(“related factor*”’[All Fields] OR “factor associated”[All Fields]
OR “associated factor”’[All Fields] OR “risk factor’[All Fields]
OR “factor*”’[All Fields] OR “factor related”"[All Fields]).”

Inclusion Criteria

All studies were included by identifying observational studies
conducted in Iran. Other review studies, case studies, and labo-
ratory studies that did not meet the inclusion criteria were
excluded. Two researchers evaluated the search results indepen-
dently. We also did snowballing with searching the references
of the included articles to explode our search strategy. Based
on COVID-19 Treatment Guidelines Panel and Coronavirus
Disease 2019 (COVID-19) Treatment Guidelines,*' severity
disease due to COVID-19 mentioned in studies was defined:
“Individuals who have SpO, <94% on room air at sea level, a
ratio of arterial partial pressure of oxygen to fraction of inspired
oxygen (PaO,/FiO,)<300 mm Hg, a respiratory rate >30
breaths/min, or lung infiltrates >50% and Individuals who
have respiratory failure, septic shock, and/or multiple organ
dysfunction.” Disease severity in our study was defined as a
form of the disease that requires hospitalization, oxygen
therapy, and/or mechanical ventilation in ICU or Hospital.**
Cardiovascular diseases were defined to any cardiovascular dis-
order related to the heart and blood vessels.*®> Cerebrovascular
disease was included all disorders in which an area of the brain
is temporarily or permanently affected by ischemia or hemor-
rhage, and one or more blood vessels of the brain are involved
in the pathological process.** chronic liver disease was deter-
mined” Chronic liver disease (CLD) is a progressive deteriora-
tion of liver functions for more than six months, which includes
synthesis of clotting factors, other proteins, detoxification of
harmful products of metabolism, and excretion of bile.”?®
ARDS also was defined “as syndrome of inflammation and
increased permeability” leading to acute onset of bilateral infil-
trates on chest radiograph with PaO,/FiO, <200 that cannot be
explained by left heart dysfunction.””® Any study that intro-
duced these conditions as inclusion criteria were included.
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Selection Process

Two independent researchers initially screened the search strat-
egy results based on abstracts and titles. Then the full texts of
related articles were evaluated based on inclusion and exclusion
criteria. A third researcher reviewed studies in which individu-
als did not reach a decision. Finally, observational studies that
reported death and severity-related factors related to
COVID-19 were included in the meta-analysis.

Data Collection Process

Two researchers also independently extracted the required data
from the studies. The third researcher reviewed the list of arti-
cles and extracted the data to ensure that there were no duplicate
articles and resolved disputes over the study’s inclusion.

Assessment of Methodological Quality, Risk of Bias, and
Publication Bias

We used the Newcastle Ottawa Scale for cohort, evidence-
based, and cross-sectional studies to assess quality. According
to these checklists, studies can be divided into three groups
(good, acceptable, and poor quality).27

Statistical Approach

The “metan” command performed a random-effects meta-
analysis in STATA. Forest plots were used for a graphical
description of the results. We used HRs and ORs reported for
the association between risk factors and COVID-19 severity
and death to calculate In HRs, In ORs, and their standard
errors (SE). Finally, publication bias was assessed by the
Egger test. The data were analyzed using Stata version 11.0.
Pooled estimates in meta-analyses were estimated with a 95%
confidence interval. P-values were considered significant at
the level of <.05.

Results
Search Results and Quality Assessment

After deleting duplicates, we identified 2463 studies from four
databases and then screened articles by title and full text accord-
ing to the study’s objectives. Finally, 69 studies were included
in the meta-analysis (Figure 1), of which 62 studies had
assessed risk factors for death from COVID**®%); 13 studies
determined risk factors for severity ((*!-°%-33753:63:90-96) "oyt of
which six studies reported both outcomes ((35, 44, 47-49, 59)).
Out of 69 studies, 33 were cohort studies, eight were case-control
studies, and 28 were cross-sectional studies. The mean sample size
was 2742 (Range: 3540 957) (Table 1).

When we assess the quality of included studies, the
Newcastle Ottawa scale showed that 10 studies (14.49%)
scored 9, 18 studies (26.09%) scored 8, and 27 studies
(39.13%) scored 7, and 14 studies (20.29%) scored six points.

Therefore, all studies scored above five and had high quality
(Table 1).

Demographic Characteristics and Risk of Death from
COVID-19

In a meta-analysis, 35 studies examined the effect of age on
Death from COVID-19, and 35 effect sizes were obtained.
The meta-analysis results showed a significant association
between older age and Death from COVID-19, and the
pooled OR and HR were 1.04 (95% CI=1.03 to 1.06) and
1.03 (95% CI=1.02 to 1.04) for each one-year increase in
age respectively. Twenty-seven studies assessed the risk of
Death from COVID-19 for gender and showed that the male
gender significantly affects death, and the pooled OR was
1.21 (95% CI =1.05 to 1.38) (Table 2 and Figure 2).

Comorbidities and Risk of Death from COVID-19

Twenty-three studies evaluated the association between diabetes
and Death from COVID-19 and showed a significant association
between diabetes and coronaviruses mortality (pOR = 1.76;
95%CI=1.48 to 2.09; pHR =1.77; 95%CI=1.46 to 2.14). In
addition, we found a significant positive association between
hypertension (pOR = 1.64; 95% CI=1.20, 2.25; pHR =1.42;
95% CI 1.05 to 1.93), cardiovascular disease (CVD) (pOR =
1.74; 95% CI=1.45 to 2.08; pHR=2.01; 95% CI=1.63 to
2.47), cerebrovascular disease (pOR=3.29; 95% CI=1.49 to
7.27), pulmonary diseases (pOR =1.71; 95% CI=1.20 to 2.43),
chronic kidney disease (CKD) (pOR = 2.27; 95% CI=1.47 to
3.50; pHR =2.24; 95% CI=1.39 to 3.61), cancer (pOR =2.40;
95% CI=1.44 to 3.98; pHR=2.78; 95% CI=1.85 to 4.18),
and Death from COVID-19 (Table 2 and Figure 3).

Symptoms and Risk of Death from COVID-19

Death from COVID-19 risk was significantly associated with a
negative direction with Headache (pOR =0.67; 95%CI=0.46 to
0.98). In addition, the combined nine effect sizes from 9 studies
showed a significant association between Dyspnea and Death
from COVID-19 (pOR =1.75; 95%CI=1.31 to 2.35) (Table 2).

Laboratory Parameters and Risk of Death from
COVID-19

Six studies have investigated the effect of the increased WBC on
Death from COVID-19. The results showed a significant associa-
tion between increased WBC and coronaviruses mortality (pOR =
1.42; 95%CI=1.05 to 1.91). In addition, we found a significant
association between decreased Lymphocyte (pOR = 1.68; 95% CI
1.32, 2.14), increased blood urea nitrogen (BUN) (pOR = 1.05;
95% CI 1.00 to 1.10), increased creatinine (pOR =1.82; 95% CI
1.29 to 2.56), vitamin D deficiency (pOR =2.64; 95% CI=1.86
to 3.76; pHR =1.86; 95% CI=1.38 to 2.51), and Death from
COVID-19 (Table 2).
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Figure |. Flow diagram of the study selection process.

Disease Severity-Related Risk Factors

In a meta-analysis of 18 effect sizes, demographic and clinical
features were obtained from 13 studies. The results of the meta-
analysis showed that there was only a significant relationship
between CVD and disease severity (pOR=2.42; 95% CIl=
2.27 to 2.59) (Table 3).

Publication Bias

Based on the results of the Egger’s test (age: P =.087, gender:
P =.070, smoking: P =.216, diabetes: P =.221, hypertension:
P=.589,CVD: P=.284, CVA: P=.602, pulmonary diseases:
P=.881, CKD: P=.210, chronic liver disease: P=.624,
cancer: P=.938, fever: P=.230, cough: P=.327, dyspnea:
P =.667, chest pain: P=.174, headache: P=1.000, WBC:
P =.142, lymphocyte: P=.573, neutrophil: P=.624, plate-
let: P=.055, HB: P=.498, BUN: P=.621, creatinine: P=
1.000, CRP: P=.573, LDH: P=.176, vitamin D: P=.142),
there was no evidence of publication bias among articles assessing
risk factors for Death from COVID-19. In addition, there was

no evidence of publication bias among articles assessing
disease severity risk factors (age: P=.624, gender: P=.065,
diabetes: P=.117, CVD: P=.602, CKD: P =.602).

Meta-Regression Analysis

Meta-regression showed that the sample size is an important
source of heterogeneity when examining the potential predic-
tive effect of hypertension (Original 12=91.5, 12 residual =
64.8, P=.002) and creatinine (Original 12=71.7, 12 residual
=0.0, P=.039). Also, the mean age of patients is an important
source of heterogeneity when examining the potential predic-
tive effect of lymphocyte (Original 12=97.2, 12 residual =
77.7, P=.045) (Table 4).

Discussion

This study aimed to assess risk factors associated with
COVID-19 severity and death in Iran. Based on this meta-
analysis study, some factors related to the dimensions of the
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Table I. Characteristics of Included Studies and Quality of Assessment.

First Author Year Sample Size Gender Study Type Score of Quality Assessment
Abdollahi A 2020 397 NA F/M Cross-sectional kil
Abdollahpour | 2021 513 1-97 range F/M Case-control okl
Abkhoo A 2021 121 622+ 14 F/M Retrospective Fobekololok
Abrishami A 2021 73 55.18+17.6 F/M Retrospective efelolatotolok
Abrishami A 2021 80 5429+ 15.21 F/M Cohort Hepeoioietck
Aghajani MH 2021 893 62+17.2 F/M Cohort sofolotololok
Aghajani MH 2021 893 62.3+19.3 F/IM Cohort sefofelofoolor
Aghajani MH 2022 649 6430+ 17.8 F/M Cohort eieletololotok
Asgari A 2021 98 64.45 + 15.67 F/M Cross-sectional kol
Adham D 2021 5586 52.25+20.21 F/M Retrospective okl
Afaghi S 2021 646 53.7x158 F/M Retrospective Aeficlotofoloiok
Ahmadi A 2021 800 57.51 +16.83 F/M Cross-sectional ootk
Aliasgarzade S 2021 106 5899+ 15.94 F/M Cross-sectional kil
Azarkar Z 2021 364 54.28 + 1881 F/M Retrospective Rk
Borzouei S 2021 1680 NA F/M Case-control Aokbotelok
Davarpanah AH 2020 228 56.1 +15.9 F/M Retrospective Hepolelfoloick
Derakhshanian H 2021 290 61.6+169 F/M Retrospective stk
Esfahanian F 2021 493 NA F/M Cross-sectional wpkiokk
Emami A 2021 458 61.3 F/M Cross-sectional olkololek
Fatemi A 2021 248 59.30+22.37 F/M Cross-sectional ootk
Faraji N 2021 522 725+84 F/M Retrospective stefclotoiolotol
Fathi M 2022 3732 77.9+9.2 F/M Cohort otciolotoiok
Faghih Dinevari M 2021 1274 6443+ 17.16 F/M Prospective etololoiok
Ghadamgahi F 2021 2000 6577+ 122 F/M Case-control oltotolek
Ghafari M 2021 361 62+ 16.76 F/M Cross-sectional whlollok
Ghamari A 2022 474 61+16 F/M Cross-sectional whklk
Goshayeshi L 2021 1278 56.9+18.7 F/M Cross-sectional R
Hajiahmadi S 2021 192 575+ 1.11 F/M Cross-sectional kRl
Hashemi SA 2021 611 5751 +17.6 F/M Case-control welelolok
Hashemi-Shahri SM 2022 413 45.05+17.38 F/M Cross-sectional whklk
Homayounieh F 2020 90 594+ 16.6 F/M Cross-sectional olettoliotok
Honarvar MR 2021 2835 54+19.3 F/M Cohort otoletotolek
Hosseinzadeh R 2021 598 58.21 +22.5 F/M Cross-sectional kil
Izadi A 2021 107 63.36+ 16.43 F/M Cross-sectional whklk
Jalili E 2021 512 68.32+14.72 F/M Cross-sectional olettolotok
Javanian M 2021 557 60.2+15.3 F/M Cohort Holtotolek
Javanmard SH 2020 508 67.7+15.1 F/M Cross-sectional okotetek
Karami M 2021 749 53.97 +19.04 F/M Cross-sectional kK
Karami M 2022 9674 NA F/M Cross-sectional Fdekoklok
Khankeh H 2021 34039 66.48+ 15 F/M Cross-sectional otoletotolek
Kashefizadeh A 2020 53 58.48 + 13.6 F/M Cohort Hlfoololok
Kazemi MA 2020 91 58.04+ 16.5 F/M Cross-sectional whkkk
Khoshnood R| 2021 1083 50.73+19.33 F/M Cross-sectional Aepolelaofolelck
Kolivand P 2022 6788 NA F/M Cohort eiclotololotok
Kouhsari E 2022 256 55.78 + 18.61 F/M Cohort sotoioletotololek
Malekpour Alamdari N 2020 459 61.79+11.89 F/M Cross-sectional whklkk
Marateb HR 2021 630 57.1+154 F/M Cohort Aetelelatofolok
Mirjalili M 2021 1465 56.92+17.78 F/M Case -cohort Aebolaiok
Moftakhar L 2021 40 957 3875+ 15.6 F/M Retrospective Plofiolek
Moradinia M 2021 367 57.01 +16.25 F/IM Descriptive study kol
Moradzadeh R 2021 3050 70+ 15 F/M Retrospective Fobekokolok
Nabavi S 2021 200 69.75 +6.39 F/M Cross-sectional ototetototek
Navayi M 2021 1290 60.95 + 17.65 FIM Cohort siefoefolofelok
Pazoki M 2021 574 56.8+16.3 F/M Descriptive study oleliolotok
Pishgahi M 2021 680 55.15+10.92 F/M Cross-sectional Fodokokolok
Pourfarzi F 2021 776 NA F Case-control skl
Rashidi F 2021 1529 56+17.2 F/M Cohort sotioleiotok
Rastad H 2020 2957 548+ 16.9 F/M Retrospective whklk

(continued)
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Table |. (continued).

First Author Year Sample Size Age Gender Study Type Score of Quality Assessment
Rezaei N 2021 37338 63.6+13.6 F/M Cohort otoioletotoiok
Riahi T 2021 984 6294+ 18.6 F/M Cross-sectional Fobokokolck
Sadeghi A 2020 214 58.14+16.99 F/M Retrospective efoloieotololok
Seif M 2022 2360 NA F/M Retrospective Rtk
Shahidsales S 2021 185 62 F/M Case-control Rtttk
Shayganfar A 2021 178 575+ 16.1 F/M Retrospective kol
Toofan F 2021 2597 62.1+16.8 F/M Cross-sectional oo
Zahirian Moghadam T 2021 3088 NA F/M Case-control kil
Zamanian M 2020 245 54.68+19.21 F/M Retrospective whklk
Zandkarimi E 2020 1831 52.74+22.16 F/M Cross-sectional kool
Zandkarimi E 2021 1856 5848+ 13.6 F/M Retrospective il

Table 2. Association of Demographic, Clinical Characteristics and Laboratory Parameters with Death in Patients with COVID-19.

Variables Measure of Association Tools Number of Studies Estimation P Value I (%) P for Heterogeneity
Demographics characteristics
Age(yr) Odds Ratio(95% ClI) 26 1.04 (1.03, 1.06) <.001 96.8 <.001
Hazard Ratio(95% Cl) 9 1.03 (1.02, 1.04) <.001 663 .003
Gender: Male versus Female Odds Ratio(95% Cl) 27 1.21 (1.05, 1.38) .007 846 <.001
Hazard Ratio(95% Cl) 3 1.18 (0.85, 1.65) 326 240 .268
Smoking Odds Ratio(95% ClI) 8 1.47 (0.87, 2.48) 152 748 <.001
Comorbidities
Diabetes Odds Ratio(95% ClI) 19 1.76 (1.48,2.09) <001 623 <.001
Hazard Ratio(95% ClI) 4 1.77 (1.46, 2.14)  <.001 2.6 .380
Hypertension Odds Ratio(95% ClI) 16 1.64 (1.20, 2.25) .002 915 <.001
Hazard Ratio(95% Cl) 2 1.42 (1.05, 1.93) .022 0.0 513
Cardiovascular diseases Odds Ratio(95% ClI) 18 1.74 (1.45,2.08) <.001 903 <.001
Hazard Ratio(95% ClI) 4 2.01 (1.63,247) <.001 20. .289
Cerebrovascular disease Odds Ratio(95% ClI) 3 3.29 (1.49, 7.27) 003 473 .150
Pulmonary diseases Odds Ratio(95% Cl) 7 1.71 (1.20, 2.43) .003 618 .015
Hazard Ratio(95% Cl) 3 1.40 (0.67, 2.93) 367 723 .027
Chronic kidney disease Odds Ratio(95% ClI) 10 2.27 (1.47,3.50) <.001 703 <.001
Hazard Ratio(95% Cl) 4 2.24 (1.39, 3.61) .00l 458 137
Chronic liver disease Odds Ratio(95% Cl) 5 1.60 (0.92, 2.77) 095 358 182
Cancer Odds Ratio(95% ClI) I 2.40 (1.44, 3.98) .001  8lI.1 <.001
Hazard Ratio(95% Cl) 3 2.78 (1.85,4.18) <.001 .0 .588
Symptoms and signs
Fever Odds Ratio(95% ClI) 7 1.23 (0.91, 1.65) 73 79.1 <.001
Cough Odds Ratio(95% ClI) 5 0.75 (0.48, 1.17) 207 863 <.001
Headache Odds Ratio(95% ClI) 4 0.67 (0.46, 0.98) 037  65.1 .035
Dyspnea Odds Ratio(95% ClI) 9 1.75 (1.31,2.35) <.001 740 <.001
Chest pain Odds Ratio(95% ClI) 4 1.07 (0.47, 2.42) 874 887 <.001
Laboratory parameters
Increased White Blood Cell Odds Ratio(95% ClI) 6 1.42 (1.05, 1,91) 023 896 <.001
Decreased Lymphocyte Odds Ratio(95% ClI) 7 1.68 (1.32,2.14) <.001 972 <.001
Increased Neutrophil Odds Ratio(95% ClI) 5 1.00 (0.97, 1.02) .788 393 159
Decreased Platelet count Odds Ratio(95% ClI) 5 1.00 (0.99, 1.00) 225 436 .150
Decreased Hemoglobin Odds Ratio(95% ClI) 4 0.97 (0.75, 1.25) .802 806 .001
Increased BUN Odds Ratio(95% ClI) 8 1.05 (1.00, 1.10) .046 839 <.001
Increased Creatinine Odds Ratio(95% ClI) 5 1.82 (1.29, 2.56) 001 711 .008
Increased CRP Odds Ratio(95% ClI) 7 1.03 (0.99, 1.06) 31 923 <.001
Increased LDH Odds Ratio(95% ClI) 7 1.00 (1.00, 1.01) 045 927 <.001
Vitamin D deficiency Odds Ratio(95% ClI) 5 2.64 (1.86,3.76) <.001 0.0 495
Hazard Ratio(95% Cl) 2 1.86 (1.38,2.51) <.001 9.0 .333

Abbreviations: BU,: Blood Urea Nitrogen; CRP, C-reactive protein; LDH, lactate dehydrogenase.
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Figure 2. Meta-analysis to assess the risk of death for (A) age (B) sex, male. (C) Smoking.

COVID-19 disease have been mentioned in the studies con-
ducted in Iran.

Our study showed a significant association between diabetes
and hypertension with death from COVID-19. Some studies
similar to our results showed that diabetes and hypertension
are important factors in COVID-19 mortality. A systematic
review showed that diabetic ketoacidosis (DKA) in
COVID-19 patients portends a poor prognosis with a mortality
rate approaching 50%. Differentiating isolated DKA from com-
bined DKA/HHS (hyperglycemic hyperosmolar syndrome) is
essential as the latter represents nearly one-fifth of the DKA
cases and tends to have higher mortality than DKA alone.”’
Another study suggests that diabetes and hypertension were
associated with higher COVID-19 mortality, contributing to
nearly 30% of death from COVID-19s.°® A meta-analysis
study showed that COVID-19 severity and death were associ-
ated with Diabetes Mellitus, ARDS, and disease progression
in patients with COVID-19. The association was weaker in
the older and hypertensive patients.”® According to the latest
national study, it has been shown that diabetes, cardiovascular
disease, CKD, and hypertension, as diseases with significant
prevalence, have a great impact on increasing the burden of dis-
eases in Iran.'”’ It seems that one of the reasons for the high
mortality rate due to COVID-19 in Iran, in some periods, has
been related to the high incidence of COVID-19 in populations
with chronic disease and the elderly population. In line with the
findings of our study, Mirjalili et al.'®" showed that diabetes,
hypertension, CKD, and cardiovascular disease in people with
COVID-19 increased mortality and severity by about 55%.
Other studies also showed that these diseases positively affect
Death from COVID-19.'>7'%* Ajthough the World Health
Organization has emphasized that the elderly and people with
chronic diseases are at risk of death from COVID-19,1°5 the
importance of this problem is not addressed in the management
strategies of this epidemic. The present study showed a signifi-
cant association between older age and Death from COVID-19,
similar to some research done in Iran.!°®'%7 In addition, the
Iranian elderly mostly have chronic diseases such as diabetes,
cardiovascular and hypertension, which were immunized in

the first step of nationwide vaccination; the clinical and treat-
ment interventions performed were uniform for all populations,
and more specialized services for the elderly and underlying
patients could prevent death. Previous studies showed that
elderly people usually experience a decrease in their immune
system ability,'°®!% and the coexistence of aging and chronic
diseases can play a vital role in increasing the death from
COVID-19." In the clinical management of elderly patients,
medical staff should consider the higher mortality risk and
make more critical decisions in this age group to prevent
more deaths. Our results showed that men have higher mortality
due to COVID-19 than women, and other similar studies have
also demonstrated this relationship.'''~''? It can be said that the
X chromosome in women seems to reduce susceptibility to
infection, and sex hormones play a role in innate and adaptive
immunity.''* Besides, men maybe are at a greater risk of getting
COVID-19 infection due to being more active in society,
working in places with others, and not paying more attention
to self-care than women, which ultimately leads to an increase
in mortality.

Regarding symptoms, the present study showed that head-
ache has an inverse relationship with death from COVID-19.
Previous studies have also investigated this issue. In line with
this study, other studies also showed a better prognosis for
patients with headaches.''>™'!” Some studies have shown that
having a headache is associated with decreased inflammatory
biomarkers, such as C-reactive protein (CRP) and lower and
more stable levels of interleukin-6 (IL-6) during hospitaliza-
tion.' '™ A study investigating headache phenotypes related
to covid-19 showed that tension headaches are related to
decreased levels of CRP and procalcitonin.'** However, there
is still no clear epidemiological and clinical knowledge about
the relationship between headache and higher death from
COVID-19, and more studies can help find this relationship
in patients with different clinical, laboratory, and diagnostic
characteristics. Various studies have seen dyspnea as a
symptom associated with higher death from COVID-19.'2!:122
These findings were also observed in our study. A systematic
review study has shown that considering the dyspnea



Journal of Intensive Care Medicine 0(0)

>
=

anan
216(118.3%) 461
1450102208 745
2500195320 883
21014635 63
19

15
1802780 1
081046, 1.41)

0
1mE260 1
176(148.209) 10000

ES 95%C1) Weight o ES @5%C1) Weight
= 2200182.275 878
—— 182011229 675
. 170,120 981
—— 2020146,279) 754
205(103.400 407
= ImEsar  sar
— 086053,139) 580
—_— 2200145339 649
35064772 3R
19008443) 326
127092176 751
145138,15) 984
—————— sos 8 1T
— 059(038,093) 610
= 200(150,279) 769

3@ sy 900
1051011100 93
126069229 698
angm e a3
13809200 815
13TEM28) 662
118085159 86t
0000235 127
180179 89
5820113,3000) 282
148072300 626
205(127,330 768
063029157 559
176030, 103 233
sz e an
s(u272) 791
164(120.225) 10000

195082469 302
240038, 151 088
174(145,208) 10000

Figure 3. Meta-analysis to assess the risk of mortality for (A) diabetes (B) hypertension. (C) Cardiovascular disease. (E) Chronic kidney

disease. (F) Cancer.

Table 3. Association of Demographic and Clinical Characteristics with Disease Severity in Patients with COVID-19.

Variables Measure of Association Tools Number of Studies Estimation P Value 1? (%) P for Heterogeneity
Demographics characteristics
Age(yr) Odds Ratio(95% Cl) 5 1.03 (1.00, 1.06) .087 917 <.001
Gender: Male versus Female Odds Ratio(95% ClI) 4 0.52 (0.19, 1.43) 205 717 .014
Comorbidities
Diabetes Odds Ratio(95% Cl) 3 1.10 (0.86, 1.41) 438 993 <.001
Cardiovascular diseases Odds Ratio(95% ClI) 3 242 (2.27,2.59) <.001 2.8 357
Chronic kidney disease Odds Ratio(95% Cl) 3 1.37 (0.89, 2.11) .150 0.0 618

Table 4. Meta-Regression Analysis for Characteristics of the Included
Studies According to the Sample Size and Age of the Patients.

Multivariate Analysis (P Value)

Predictor Age Sample Size
Smoking .549 761
Diabetes 170 408
Hypertension .100 .003
Cardiovascular diseases .280 918
Pulmonary diseases 325 .908
Chronic kidney disease .382 .155
Cancer .578 .566
Fever 515 487
Cough .198 211
Headache 926 269
White Blood Cell 310 .105
Lymphocyte .045 170
BUN 220 .064
Creatinine .577 .039
CRP .359 722
LDH 778 .309

symptom is even more important than fever in terms of diagno-
sis and prognosis,'*> and identifying this symptom can be
important before making clinical decisions.

Blood markers in COVID-19 patients can be important in
clinical and treatment planning. Some studies consider the
status of such markers for diagnostic evaluation, survival, and
prognosis of patients.'**'?> We observed a significant associa-
tion between increased WBC, decreased lymphocyte, increased
BUN, increased creatinine, vitamin D deficiency, and death
from COVID-19. In line with our results, Henry et al.'*
showed in their meta-analysis study that WBC as an increasing
marker in patients with the acute condition of COVID-19 could
be considered a good marker for predicting their prognosis. Lan
et al.'?” also showed that people with a shorter survival from
COVID-19 infection had a decrease in lymphocytes, and the
odds of mortality in patients with low blood lymphocytes
were nine times higher than in those with high lymphocytes.
Similar studies also showed a relationship between death
from COVID-19 and vitamin D deficiency.'**'** In countries
such as Iran, which are facing the limitation of testing for the
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diagnosis of COVID-19 and the patients ignore their disease,
blood markers can be an important indicator to consider the
patients’ clinical profile to educate and adhere to the treatment.

Regarding the limitations of this study, some factors could
not be included in the final analysis due to the lack of sufficient
studies to measure its effects, and increasing the number of
similar studies in the future may change the results of related
meta-analyses. The lack of sufficient access to national data
in Iran to conduct more valid epidemiological studies is one
of the limitations of all studies. However, for the first time,
this study has simultaneously shown the effects of some
factors related to the severity and death-related COVID-19 in
Iran. There is a heterogeneity among studies included the meta-
analysis in terms of the place (ICU, wards or emergency rooms)
where the studies were conducted. It may influence the results
of laboratory parameters, as the clinical condition of ICU
patients is more severe than patients in wards.

Conclusion

Our study showed some factors related to severity and death
associated with COVID-19 in Iran. Clinical decisions are
usually chosen by knowing the factors affecting prognosis,
severity, and death. Since this study showed the effect of
some blood markers, co-morbidities, headache and dyspnea,
aging, and male gender, the diagnostic value of these factors
can be used for medical teams and therapeutic and clinical
decisions.
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