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Abstract

Background: Demographic factors, hospital status, and comorbidities affect the mortality of patients
with coronavirus disease (COVID-19).

Aim: This cross-sectional study was performed with aim to evaluate the mortality predictors of
hospitalized COVID-19 patients in northeastern Iran (Mashhad city).

Method: In this retrospective study, the electronic records (demographic data, clinical variables, and
comorbid conditions) of survived and non-survived hospitalized COVID-19 patients were searched
from March 2021 to March 2022 during six pandemic waves.

Results: Analysis of 59099 hospitalized COVID-19 patients showed the mean age of 54.4722.5
years (female: 46.92%). Binary logistic regression analysis showed that age, masculinity, respiratory
distress, and loss of consciousness among demographic data and clinical variables significantly
contributed to mortality (OR>1, P<0.05). Diabetes, cancer, respiratory diseases, kidney diseases, and
immunodeficiency diseases increased the chance of death. High SpO. (>93) protected against death
(OR<1, P<0.05).

Implications for Practice: The results of the present study revealed that the clinical outcome of
COVID-19 infection is highly affected by demographic, clinical, and comorbidity factors. Several
factors including age, masculinity, respiratory distress, loss of consciousness, diabetes, cancer,
respiratory, kidney and immunodeficiency diseases had a risk effect on COVID-19 death during six
pandemic waves. Also, high SpO; (>93) was detected as a protective factor for death followed by
COVID-19 infection.
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Introduction

Coronavirus disease (COVID-19), followed by acute respiratory syndrome-coronavirus 2 (SARS-
CoV-2), has infected millions of people worldwide since the end of 2019 (1, 2). Initially, acute
respiratory failure caused by SARS-CoV-2 and the rapid incidence of coronavirus disease
(COVID-19) has emerged as a hot topic in medicine (3). However, the prevalence became
widespread and mortality rate increased. Governments and health policymakers faced a serious
crisis with COVID-19 death (4). To date, more than 6.5 million people have died from the
severity of COVID-19-related symptoms (5). Also in Iran, since the definitive diagnosis of the
first infected person on February 19, 2020 (6, 7), the number of infected cases and COVID-19
deaths peaked in six time periods (waves) from March 5, 2020 to March 6, 2022 (8).

One of the most common ways to control from the mortality rate of the disease and more
effective health policies is to estimate the risk factors for death associated with the disease (9).
Several risk factors for COVID-19 death are known, such as age (10, 11), gender (12, 13),
respiratory problems (14, 15), diabetes (16-18), cardiovascular (19, 20), blood pressure (21, 22),
kidney diseases (23), and other comorbidities (11, 24, 25). Parohan et al. (2020) analyzed 14
retrospective cohort studies and concluded that older age (>65 years), male gender, hypertension,
cardiovascular diseases (CVDs), diabetes, and chronic obstructive pulmonary disease (COPD)
were associated with a higher risk of death from COVID-19 (26). In another meta-analysis, 58
cohort studies were analyzed and the findings showed that older age, male gender, hospitalization
in the intensive care unit (ICU), and comorbidities (older age, gender, obesity, hypertension,
CVDs, cancer, and diabetes) were associated with mortality in hospitalized patients with COVID -
19 (27). Also, a multi-center and cross-sectional study which was conducted in 19 public
hospitals in Tehran (the capital and most populated city of Iran) reported that older age, male
gender, hospitalization in the ICU or critical care unit (CCU) and underlying comorbidities (e.g.
CVDs and diabetes) were associated with mortality rate in COVID-19 patients (28). Despite the
importance of detection of risk factors for mortality in COVID-19 patients, there remains a
paucity of evidence on COVID-19 death in different pandemic waves. The present study was
performed with aim to investigate the risk and protective factors (i.e., demographics factors,
hospital status, and comorbidities) associated with COVID-19 death in six pandemic waves in
northeastern Iran.

Methods

This retrospective cross-sectional study was performed on the hospitalized COVID-19 patients
from March 5, 2021 to March 6, 2022 in Mashhad city. Data were collected from medical care
monitoring center (MCMC) database. Individuals with symptomatic COVID-19 and/or with
guantitative positive reverse transcript polymerase chain reaction (QRT-PCR) SARS-CoV-2 test
were included in this study. The number of patients for the first wave was 4634 patients (from
March 5 to April 6, 2020), the second wave was 7647 (from June 27 to August 6, 2020), the third
wave was 8429 (from October 8 to December 3, 2020), the fourth wave was 11841 (from April 1
to June 11, 2021), the fifth wave was 19307 (from June 22 to September 23, 2021), and the sixth
wave was 7241 (from January 15 to March 21, 2022). Electronic records were compared between
survivors and non-survivors, which survivors were discharged from hospital and non-survivors
died at the hospital followed by COVID-19 infection.

Demographic data, such as age and gender were included in this study. Respiratory distress, loss
of consciousness, and oxygen saturation levels (SpO;) were also collected as hospital status
parameters. Comorbidities, such as cancer, diabetes, respiratory diseases, kidney, liver,
cardiovascular, blood, immunodeficiency (acquired immunodeficiency syndrome and other
immunodeficiencies), neurological, and other diseases were included in this analysis.

Respiratory distress was defined as the acute onset of oedema and non-cardiogenic pulmonary
hypoxemia (29). Loss of consciousness was defined as a temporary and transient period of
inability to maintain posture and environmental awareness (30). SpO; (oxygen saturation levels)
was defined as the change in intracellular oxygen pressure in millimeters of mercury (mmHg),
and less than 93 mmHg was considered the critical cut-off point (31). All comorbidities and
disorders were diagnosed by specialist physicians based on valid medical guidelines and medical
history.
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Data were analyzed by SPSS (version 22.0). The continuous variables were presented as mean +
standard deviation, while the categorical data were expressed as numbers and percentages. The
variables that presented significant differences in the univariate analysis were considered for analysis
using binary logistic regression to verify the association between the independent demographic data,
hospital status, and comorbidities risk factors and mortality as the dependent variable. The results
were expressed as a 95% confidence interval (Cl) and odds ratio (OR). P<0.05 was considered
statistically significant.

Results

A total of 59099 patients (27728 women) in all waves were included in this study. The mean age of
participants was 54.47+22.5 years (median age of 58 years). Table 1 shows descriptive information
related to deceased and living patients separately for each wave according to the studied variables.

Table 1. Demographic data, hospital status and comorbidities of patients in different waves based on
being alive and dead

First Wave Second Wave Third Wave Fourth Wave Fifth Wave Sixth Wave
Variable £ § & &£ § & & § &8 £ % &8 £ §% =T &£ § E
< a [ < [a] [ < [a] [ < a [ < a [ < a [

Demographic Data
5421+ 67.13+ 56.44+ 5650+ 66.72+ 5898+ 5461+ 6726 57.07+ 5287+ 6646 5446+ 49.68+ 62.66+ 5267+ 4924 69.28 50.36

Age (M+SD) 1953 1680 1970 2053 1626 2006 2228 +1730 2199 2194 +17.10 2187 2233 1715 2194 +2776 +1876 +27.72

Gender (n (%))

Woman 1608 286 1894 2747 722 3469 3203 651 3854 5000 508 5598 7377 1994 9371 3369 173 3542
@47) (62 (409 (59 (4) (@54 (8 (7)) @57 (422) (1) (73 (382) (103) (@85 (465 (24) (489)

M 2225 515 2740 3065 1113 4178 3602 973 4575 5481 762 6243 7480 2456 9936 3466 233 3699
@8) (111) (591) (401) (146) (546) (&27) (LL5) (543) (463) (64) (527) (387) (127) (15) (479 (63) (5L1)

Total 3833 801 4634 5812 1835 7647 6805 1624 8429 10481 1360 11841 14857 4450 19307 6835 406 7241

®27) (173) (100) (76)  (24) (100) (807) (193) (100) (885) (115) (100) (77) (23) (100) (44) (56)  (100)

Hospital status (n (%))

Respiratory 2239 586 2825 3817 1480 5297 4276 1279 5555 6298 1050 7348 9877 3547 13424 3403 287 3690
distress (793) (@07) (61) (721) (27.9) (693) (77) (23) (659) (857) (143) (621) (736) (264) (695) (22) (78  (51)
Loss of 281 258 539 652 493 1145 358 351 709 350 217 567 416 553 969 293 63 356
consciousness (52.1) (479) (116) (569) (431) (15) (505) (495) (84) (6L7) (383) (48) (429) (57.1) (5) (823) (77) (4.9

1844 681 2525 3648 1675 5323 3935 1390 5325 5319 1094 6413 9704 3931 13635 2866 288 3154

Low SpOz (<98) (73) (@7 (545) (685) (315) (69.6) (739) (261) (632) (829) (17.1) (542) (712) (288) (706) (90.9) (9.1)  (436)
Comorbidities (n (%))
Diabetes 488 150 638 1123 428 1551 1297 422 1719 1294 232 1526 1441 638 2079 1083 78 1161
(765) (235) (138) (724) (276) (203) (755) (245) (204) (848) (152) (129) (69.3) (30.7) (108) (933) (6.7) (16)
Cancer 96 42 138 149 66 215 237 68 305 222 42 264 243 49 292 298 19 317
(69.6) (30.4) 3) (693) (30.7) (28 (77.7) (23) (36) (841) (159 (22) (832) (168) (15 (99 6) 4.9
Respiratory 94 34 128 158 84 242 193 70 263 184 41 225 152 71 223 289 38 327
diseases (734) (266) (28 (653) (347) (32) (734) (266) (31) (81.8) (182) (190 (682) (31.8) (12) (884) (11.6) (45)
Blood pressures 134 19 153 1210 451 1661 1462 481 1943 1519 283 1802 1641 672 2313 1375 111 1486
diseases (87.6) (124) (42) (728) (272) (27) (52) (248) (231) (843) (157) (152) (709) (291) (12) (@5 (7.5) (205)

102 37 139 193 83 276 156 36 192 176 27 203 176 58 234 254 21 275

Kidneydiseases 750 066)  (3)  (699) (30.1) (36) (813) (188) (23) (867) (133) (L7) (752) (48) (L2) (924) (76) (38)

Neurological 8 2 8 114 53 167 18 3 145 108 30 138 122 34 156 124 7 131
diseases 725 (75 (L7) (683) (GL7) (22 (745 (55 (7)) (783 (L) (12 (782) (L8 (08 (47 63 (18
Cardiovascular 42 121 573 732 259 91 &5 254 1129 1033 176 1209 923 364 1287 &8 73 951
diseases 789 (L1) (124 (139) (61) (13) (775 (25 (134) (654) (146) (102) (IL7) (283) (67) (923) (I.7) (131)
. 12 7 19 1 6 3 2 3 10 4 4 23 4 20 3
Immunodeficiency 535y (358 (04 @5 ‘@ 02 @8 63 04 L4 86 01 @62 @148 ©1 o °O 3804
25 8 33 5 19 6 54 13 6 70 9 79 6 2 90 6 4

Liver diseases 73 (1)

(758) (242) (0.7) (725) (275) (09) (806) (194) (0.8) (886) (114) (0.7) (756) (244) (05) (945 (55)
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Figure 1. Sensitivity, specificity and accuracy of binary logistic regression
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Table 2. Binary logistic regression results to investigate the role of demographic data, hospital status and
comorbidities in the death of patients

First wave Second wave Third wave Fourth wave Fifth wave Sixth wave
Variable OR OR OR OR OR OR
(95% ClI) P-Value (95% CI) P-Value (95% CI) P-Value (95% CI) P-Value (95% CI) P-Value (95% Cl) P-Value
Demographic data
1083 1025 1026 108 1029 1081
Age (1027-1.09) <0001 (1021-1.028) Q0L qopma03 PO qopraosay 00 qooraosy OO (osaesy <00
Gender 1434 1298 135 114 1198 1227
(Men to Women) (1182-1.739) <0.001 (1.156-1.458) D001 g isaar3) 00T qoioey 00 qusaoeny 001 (gogsisigy 0056
Hospital Status
o 1507 176 1494 1417 114 1492
Respiratory disiress (1228-1.85) <0001 (1524-2.032) V0L (1ogg173) 01 10190647y 00T qgzgagsy 00 (11731899 0001
] 4661 2656 4407 4259 4088 3444
Loss of consciousness 3 g5 £ g47) <0.001 (2.295-3.075) D001 (3pop525a) V01 (34975188 OO (gmasazisy OO spazory <001
. 0.198 0214 0334 037 0.348 0532
High SpO: (-93) (0.156-0.251) <0.001 (0.179-0.255) D001 ooe0393) 001 z7043) O 0320389 O oag067) OO
Comorbidities
. 1247 1023 1167 1116 1212 0846
Diabetes (0.966-1.609) 0091 (0.883-1.184) 0765 qooe1354) O ogarass %8 (Lorerass)  O9%  oeaga1zy 02
1711 1429 1547 1563 0836 1219
Cancer (1.031-2.839) 008 (1.023-1.997) 006 (1qypmr) %98 omzsy OOV osmaary O omsig 04
o 0922 116 1067 1028 152
Respiratory diseases (0531550 o2 L1EMLSEY) 035 oo ol o ome R om0 002
Blood pressure 1.023 0.97 0.898 0.873
diseases NIA NIA osss1182) 07 gariue) O™ zeeroy %% erraie 0%
o 1209 1446 0997 1207 1089 1502
Kidney diseases (0.739-1.981) 045 (L078-1.94) 0014 eegrase) 09 o7ep1gny 042 (7sasay 8% (ogesosry 008
o 0.648 1398 0.753 1263 0686 0633
Neurological diseases (0:311-1.349) 0246 (0.967-2.02) 007 oaor11s5) %1% o7e200 %% asproany OO (oosgaacy) 0%
Cardiovascular 0.884 0.861 0.863 0.876 1.002
diseases (0.673-1.161) 0375 NIA o7r1019) %% 7z10ey % ore1oy %% o7msime 0%
Immunodeficiency 5.617 0.88 0.505 3.317 0.855
diseases (1506-20.95) 001 (0.248-312) 088 112299 9% (ogoar11z) 002 (oorr2es 07 NIA
- 1027 0977 1106 0995 086 0.785
Liver discases (0.331-3.185) 0963 (0548-1.742) 0987 os;s2127 072 (oapa213e) 0% (051-1.45) 08 (oo79220 084

N/A: Not applicable; Due to the large difference in the number of patients who survived and died in these statistics, the effect size was not significant

Before binary logistic regression analysis, sensitivity, specificity and accuracy of the model were
measured by ROC curve (Figure 1) and the results showed that this model can be efficient for the
purpose of this study.
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The results of the binary logistic regression analysis are shown in Table 2. Accordingly in the
demographic data, older age and masculinity (in the gender variable) were significant in almost all
waves [the sixth wave is marginally significant] (OR>1, P<0.05). In hospital status, respiratory
distress and loss of consciousness were detected as risk factors (OR>1, P<0.05), but high SpO; (>93)
was identified as a protective factor (OR<1, P<0.05). In comorbidities, diabetes in the third and fifth
waves, cancer in the first to fourth waves, respiratory diseases in the sixth wave, kidney diseases in
the second wave, and immunodeficiency diseases in the first and fourth waves (marginally significant
in the fourth wave) were the risk factors for death (OR>1, P<0.05). Blood pressure, neurological,
cardiovascular, and liver diseases had no significant results to increased risk of death in the six
waves (P>0.05).

Discussion

Finding out the risk factors associated with COVID-19 death in different sinus waves in Iran can help
treat effectively and make preventive health policies for the next outbreaks. Accordingly, the findings
of the present study showed that several factors including age, masculinity, respiratory distress, loss of
consciousness, diabetes, cancer, respiratory, kidney and immunodeficiency diseases had a risk effect
on COVID-19 death in different pandemic waves (i.e., six pandemic waves). On the other hand, high
SpO; rate (>93) was detected as a protective factor for death followed by COVID-19 infection. Also,
blood pressure, neurological disorders, cardiovascular, and liver diseases were included in the model
of the present study; however, there was no significant result between these factors and COVID-19
death. As a result, the present retrospective study demonstrated that oxygen level is a main factor for
reducing the mortality rate in COVID-19 patients. Furthermore, immunodeficiency was detected as a
risk factor for COVID-19 death that this might be due to a prolonged viral phase in
immunocompromised patients (32); therefore, managing these patients is a critical step for future viral
pandemics. Among above-mentioned risk factors, policymakers and physicians should pay attention
to diabetes because the prevalence of Diabetes Mellitus (DM) has risen rapidly in Iran (age-
standardized prevalence: 8.3%) (33). Moreover, the prevalence of pre-diabetes was estimated about
25.8%, which is a serious warning for next pandemics. It is suggested that diabetes prevention
program must be noticed as one of the main priorities for countries with the highest diabetes rates.

In accordance with the present results, previous studies have demonstrated that older age and
masculinity were found as the risk factors for COVID-19 death (10-12). As an example, the risk of
COVID-19 death was significantly increased by older age (over 70 years old) and masculinity as
reported in Peru (Latin America), India, and Africa population (34, 35). Furthermore, a doubled
mortality rate was observed for male patients and those over 90 years of age infected with COVID-19
(36, 37). Besides, in the present study, data from hospital status (e.g. consciousness, oxygen level, and
respiratory status) seem to be consistent with other research which found hypoxia in COVID-19
patients over time can be exacerbated by leukocytosis and impair seriously the recovery process of
patients (38). The present study confirms that SpO, is associated with recovery and survival. Thus,
early detection and medication in terms of hypoxia are very important to prevent the worsening
situation and death followed by COVID-19.

The most obvious finding emerged from the present study is that the impact of hospital status and
comorbidities as risk factors on COVID-19 death were evaluated during different waves of pandemic
in northeastern of Iran for the first time. The results of the present study revealed that cancer in four
waves, diabetes and immunodeficiency diseases in two waves, as well as respiratory and chronic
kidney diseases in one wave of pandemic were detected as a risk factor for COVID-19 death.
However, other comorbidities including blood pressure, neurological, cardiovascular, and liver
diseases had no significant correlation with death in COVID-19 patients. Based on data of the present
study, it can be concluded that the diversity of comorbidities, mass vaccination, and
increasing awareness of protecting against virus affected the behavior of disease that should be
evaluated in future studies. Besides that, updated guidelines and specific care for patients with
disability can improve the survival rate in COVID-19 patients. In the interpretation of the present
data, the pathogenesis of SARS-CoV-2 plays important roles in different contexts. For example, the
expression of the enzymes angiotensin converting enzyme 2 (ACE2) and dipeptidyl peptidase-1V
(DPP4) have been changed in diabetes and the activity of these enzymes are associated with severity

Copyright © 2023 Mashhad University of Medical Sciences, All rights reserved. Available on line: https://ebcj.mums.ac.ir/article_22387.html


https://ebcj.mums.ac.ir/article_22387.htm
https://ebcj.mums.ac.ir/article_22387.htm

37 Evidence Based Care Journal. 2023, 13 (2): 32-39

of disease and outcomes (39, 40). However, more studies are needed to clarify the proportion of each
risk factor in the pathogenesis and clinical outcomes of COVID-19.

The limitations of the present study include the missing data and recall biases. For this reason, the results
of the present study should be carefully interpreted in claiming cause-effect relationship in data.

To sum up, different factors (i.e., demographic data, hospital status, and comorbidities) were analyzed
on in-hospital mortality from COVID-19 infection during several pandemic waves in Iran. Data
obtained from the present study showed that some parameters, such as age, masculinity,
respiratory distress, loss of consciousness, diabetes, cancer, respiratory, chronic kidney disease
and immunodeficiency disorders were associated with in-hospital mortality from COVID-19 in
patients. Conversely, SpO2 was detected as a protective factor for COVID-19 death in all
pandemic waves in Iran.

Implications for practice

The most obvious finding emerged from this study is that national prevention program and referral
system in healthcare should be redesigned based on the most important risk factors for COVID-19
death to decrease in-hospital mortality rate. It is suggested that more researches be done to determine
the relationship between risk factors and viral pandemics.
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