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Abstract

Objective: This study aims to investigate the extent and associated factors of all-cause mortality in patients diag-

nosed with COVID-19 in a hospital for over a one-year follow-up period.

Methods: This retrospective cohort study was conducted on the patients who applied and tested positive for
SARS-CoV-2 in the Dokuz Eylul University Hospital which is a large tertiary healthcare facility in Izmir, Turkey,
between 19.03.2020 and 31.05.2021. The study included 8955 adult patients with a positive SARS-CoV-2 PCR test.
Kaplan-Meier survival analysis and Cox regression models were used to examine the relationships between demo-

graphic and clinical characteristics and mortality.

Results: The cumulative all-cause mortality rate was 4.7% in COVID-19 patients. Patients over 80 years old had
a significantly higher risk of death compared to those younger than 50 years old (aHR:22.3; 95% CI: 10.4-47.7).
Current or ex-smokers had a higher risk of death compared to non-smokers (aHR: 1.6; 95% CI: 1.1-2.4). Patients
without any complaints before diagnosis had a higher risk of death compared to those with three or more com-
plaints (aHR: 1.7; 95% CI: 1.2-2.6). Patients hospitalized in the intensive care unit had a significantly higher risk of
death compared to outpatients (aHR: 62.3; 95% CI: 37.6-101.9).

Conclusions: In COVID-19 patients, the risk of all-cause mortality is higher in the elderly, smokers, individuals
admitted to medical or intensive care services, and those with a decreasing number of pre-diagnostic complaints.
Monitoring patients with long follow-up periods and determining the course of illness and cause of death are im-

portant for understanding the natural course of COVID-19.
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INTRODUCTION

Sincetheemergence of COVID-19 upto October
8, 2023, there have been over 771 million
confirmed cases and sadly, more than 6.9
million individuals have lost their lives to the
disease !. Accurately measuring the number
of deaths due to the COVID-19 pandemic is
crucial to understand the magnitude of the
pandemic’s impact on public health for each
country and region. COVID-19 poses a direct
and indirect increased risk for all-cause
mortality in patients 2. All-cause mortality is
considered to be higher than expected during
the pandemic 3defined as the increase in
all-cause mortality relative to the expected
mortality, is widely considered as a more
objective indicator of the COVID-19 death toll.
However, there has been no global, frequently
updated repository of the all-cause mortality
data across countries. To fill this gap, we have
collected weekly, monthly, or quarterly all-
cause mortality data from 103 countries and
territories, openly available as the regularly
updated World Mortality Dataset. This dataset
was used to compute the excess mortality in
each country during the COVID-19 pandemic.
Data showed that several countries including
Peru, Ecuador, Bolivia and Mexico were worst
affected.

COVID-19 death is defined as, someone with
positive PCR or antigen testing, who dies
before full recovery and no alternative cause
of death can be found *. Deaths in the first 28
days in COVID-19 patients have been studied
extensively in the literature and reflect the
acute situation *°. The first 28 days mortality
is defined as directly related to the COVID-19
disease and no other condition has intervened.
Later deaths generally refer to a death of the

person from any cause. Deaths over time may
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be from complications or long-term effects
of COVID-19 but can also be caused by non-
COVID-19 reasons.

The infection fatality rate refers to the
probability of dying for an infected person
and is one of the key features of the COVID-19
pandemic. The expected total death burden of
COVID-19 is directly related to the infection
fatality rate °. Initial data from China had a case
fatality rate of 3.4%with the rapid progression
of the epidemic after the first wave 7. National
health systems were regulated to reduce
viral transmission and the number of cases.
Over time, the number of hospitalized and
deceased people has also decreased ®. Later,
mathematical models predicted that 40-81%
of the world’s population could be infected,
and infection fatality rate of 1.0% or 0.9% °.

It is essential to understand the magnitude of
death quantitatively and determine the factors
that influence death. In studies, advanced age
19, male gender, and non-white ethnicity are
cited as the main risk factors for severe or
fatal COVID-19 '''?Asian and Minority Ethnic
(BAME. In addition, several comorbidities
were reported as important risk factors for
COVID-19 mortality including hypertension
13, cardiovascular diseases %, kidney disease
1516 and diabetes 15-17.

The relationship of death with lifestyle and
metabolic factors such as obesity '8, smoking
1519 yitamin D level 2°2! and environmental
factors such as air pollutants 2 has been
reported. In a study conducted in a national
cohort in England, demographic covariates,
being a healthcare worker, current smoking,
cardiovascular disease, autoimmune diseases
and oral steroid use were independently
associated with COVID-19 mortality *°.
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Investigation of all-cause mortality

The effect of certain risk factors on mortality
is known. The literature on COVID-19 and
mortality is increasing day by day, a better
understanding of extent and determinants of
all-cause mortality in COVID-19 patients may
help to develop better strategies to identify
and protect groups that may be badly affected
by the pandemic. This study aims to investigate
the factors associated with all-cause mortality
with an over one year of the follow-up period
in patients diagnosed with COVID-19.

METHODS

Thisretrospective cohortstudy was conducted
on the patients who applied and tested
positive for SARS-CoV-2 in the Dokuz Eylul
University Hospital, which is a large tertiary
healthcare facility in Izmir, Turkey between
19.03.2020 and 31.05.2021. Dokuz Eylul
University Hospital has been a designated
pandemic public hospital since the beginning
of the pandemic and people could admit to
outpatient COVID-19 policlinic or emergency
care unit with or without a referral. The study
included 8955 patients with a positive SARS-
CoV-2 PCR test. The study was approved by
the Dokuz Eylul University Ethics Committee
(Date: 23.03.2022- Decision No: 2022/11-
01).

The data were collected through the COVID-19
Monitoring Center (COVIMER) established
in the Dokuz Eylul University Hospital. In
January 2021, COVIMER was established
with the aim of monitoring the health status
of people with a positive COVID-19 by PCR
test. The center was coordinated by a faculty
member from the Department of Public
Health. The center’s information technology
infrastructure, data collection, and monitoring
tasks were managed by an Epidemiologist

and five residents from the Department of
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Public Health. Patient follow-up calls were
conducted by five secretaries %.

Participants were interviewed using a
structured questionnaire by telephone calls
on the 1st, 3rd, and 6th months after diagnosis.
Data were collected using electronic interview
forms and stored in separate databases in
each follow-up. Patients were electronically
followed up for death status on March 1, 2022,

by the Hospital Information System.

All-cause death was the dependent variable,
and it refers to patients who died in the
hospital or during follow-up periods after
being diagnosed with COVID-19. All-cause
‘in hospital’ death was defined as the death
during the initial hospitalization of the
patient with the diagnosis of COVID-19 or
in the emergency room. Hospital death does
not encompass any specific time frame. In the
hospital setting, the majority of patients who
died during the acute phase of admission are
attributed to COVID-19-related mortality. The
data of COVID-19 patients who died in the
hospital were transferred to COVIMER from
the hospital information system. The mortality
status of these patients was later verified on
March 1, 2022, during a system scan. Out-of-
hospital death from all causes was defined as
death in those who are hospitalized after being
diagnosed with COVID-19 or in people who
have never been hospitalized. Out-of-hospital
deaths refer to mortality that occur at any
healthcare facility or at home after discharge
Eylul

following an acute COVID-19 admission. Out-

from Dokuz University Hospital
of-hospital deaths refer to patients identified
during the hospital information system’s
death screening on March 1, 2022, who were
determined not to have died in the hospital

during the acute phase. The information on
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cause of death whether due to the long-term
effects of COVID-19 or for any other reason
was not available from the hospital records
therefore we used all cause of death as the
outcome variable of the study.

Independent variables were age, gender,
educational status, perceived economic status,
marital status, smoking, alcohol, presence
of / number of chronic disease, presence of
/ number of initial symptoms, and inpatient
and intensive care admission. Information on
age, gender were obtained from the hospital
information system, the information on other
independent variables were collected through

telephone interviews.
Statistical Analysis

Survival time for deceased patients was
estimated as the duration between the date of
diagnosis and the date of death; for surviving
patients, from the date of diagnosis to March
1, 2022. Kaplan Meier analysis was used
to investigate the association between the
independent variables and all-cause mortality.
Log-Rank test was used to compare survival
functions calculated according to different
factors. Predictive Cox Regression Models
were created from the variables that were
significant in the Log-Rank test. In the model
obtained, crude and multivariable adjusted
hazard ratios and %95 confidence intervals
were determined separately for each variable.
The statistical analyses were performed by
Statistical Package for Social Sciences SPSS
(version 26, Armonk, NY, USA). A two-sided p
< 0.05 was considered statistically significant.

RESULTS

In total 8955 COVID-19 patients were
included in the study. Mean age of the

patients was 44.4 + 16.5 years and 51.2% of
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the participants were women. Of the patients,
85.9% were treated as an outpatient, 10.2%
were admitted to the hospital service only,
and 3.9% were admitted to the intensive care
unit. All-cause mortality was 0.8% in patients
treated at home (outpatients), 12% in patients
hospitalized in service, and 72.2% in intensive
care admissions. During over one year follow-
up period (mean: 426 days, min: 1 max: 713),
421 patients (4.7%) died; 261 (61.9%) deaths
occurred in the initial admission to Dokuz
Eylul University Hospital and 160 (39.1%)
died after the discharge from the hospital.
Overall, 259 (2.9%) patients died within 28
days (early), and 162 patients (1.8%) died
after 28 days (late) (Table 1).

Table 1. Patient Characteristics and Mortality

Patient Characteristics

Age (Mean = SD) 444 +16.5
Gender (Women) (%) 51.2
Education level
High education level (%) 63.6
Primary/secondary school level
education (%) 32.0
Literate/Illiterate (%) 4.4
COVID-19 treatment
Outpatient (%) 85.9
Hospitalized (Service) (%) 12.0
ICU Admission (%) 3.9
Mortality
All-Cause Mortality
Outpatients (%) 0.8
Hospitalized (Service) (%) 12
ICU Admission (%) 72.2
Mortality During Follow-up
Total (%) 4.7
Initial Admission (%) 61.9
After Hospital Discharge (%) 39.1
Early (Within 28 days) (%) 2.9
Late (After 28 days) (%) 1.8
Follow-up Period (days) (Median (Min- 426 (1-713)

Max))




Investigation of all-cause mortality

The cumulative mortality rate was 6.0% in
men and 3.5% in women (p<0.001). All-cause
mortality in COVID-19 patients occurred
mostly in the first 28 days and was more
common in men (p<0.001) (Figure 1) The
cumulative mortality rate increased with age;
0.2% under the age of 40, 0.7% aged 40-49,
3.1% aged 50-59, 9.2% aged 60-69, 25.0%
aged 70-79, 47.9% aged 80-89 and 90 years
above 59.1% (p<0.001).

Survival analysis by sex
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Figure 1. Survival curves of COVID- 19 patients by

men and women

In Table 2, mean survival times were
presented for men and women separately.
Age, marital status, education, presence of
chronic disease, number of chronic diseases,
presence of pre-diagnosis complaints, number
of pre-diagnosis complaints, admission status
were associated with survival in both men
and women (p<0.05 for all). Alcohol use
made a difference in terms of survival in men
(p<0.001). Perceived economic status was
not associated with survival in either men
(p=0.637) and women (p=0.223). Although
smoking was associated with shorter survival
in men (p<0.001), there was no association

with survival in women (p=0.866).
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In the study group, the association between
all chronic disease and all-cause mortality
was also examined using Kaplan-Meier
analysis. Survival was significantly associated
with having history of diabetes mellitus,
hypertension, coronary artery disease, heart
failure, cancer, kidney disease, chronic lung
disease, cirrhosis, cerebrovascular disease,
dementia (p<0.05), except patients with
asthma history in men and women. There was
no significant association between survival
and high cholesterol (p=0.056) in women.
There was no significant difference in survival
for men with thyroid disease (p=0.927), but
there was a significant difference for survival
for women with thyroid disease (p=0.047)
(Table 3).

Variables that were significantly associated
with all-cause mortality in the Kaplan Meier
analysis were included in the Cox regression
model to estimate crude and multivariate
adjusted HRs for all-cause mortality. We
considered variables age, sex, marital status,
education, number of chronic diseases,
alcohol, smoking, number of complaints
before diagnosis and hospital admission
status for the multivariate Cox regression

model.

Coxregression model showed thatbeingaman
increased the risk of mortality (HR:1.7; 95%
Cl:1.4-2.1). Patients with increasing age had a
higher risk of death. The risk of death over the
age of 80 was 175 times higher (HR: 175.7;
95% CI: 112.1-275.3) compared to under
the age of 50. Having lower literacy or being
illiterate was associated with a higher risk of
death compared to individuals with higher
education (HR: 7.1; 95% CI: 4.7-10.5). Death
risk was higher for people with three or more

chronic diseases than for people without any
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Table 2. Mean survival times in the categories of independent variables in men and women COVID-19 patients

Men Women
Number Mez_m Log- Number Mez_m Log-
of (%) su;::zal Rank of % su;:;:zal Rank
deaths (days) (p) deaths (days) (p)

Age groups
Under 50 (n=2838) 15 0.5 701.7 Under 50 (n=2975) 7 0.2 702.6
50-59 (n=731) 31 42 6848 50-59 (n=737) 15 2.0 691.9
60-69 (n=429) 55 12.8 616.8 <0.001 60-69 (n=449) 26 5.8 667.3 <0.001
70-79 (n=251) 86 243 4735 70-79 (n=260) 42 16.2 601.6
Over 80 (n=120) 74 61.7 301.6 Over 80 (n=165) 70 42.4 437.4
Marital status
Married (n=2674) 196 7.3 655.9 Married (n=2573) 65 2.5 662.6

0.002 6.2 <0.001
Not married (n=1104) 50 4.5 669.3 Not married (n=1391) 86 688.2
Educational categories
Higher education (n=2467) 60 24 689.2 ?;Eg‘;g‘;“catio“ 16 o7 699.4
el g sp o 00 Mmoo gp s 000
Literate / illiterate (n=53) 8 151 605.1 h‘lt:ezr‘;ge)/ illiterate 28 100 6362
Perceived economic situation
Bad (n=495) 17 3.4 677.9 Bad (n=442) 6 1.4 695.7
Medium (n=2432) 105 4.3 676.1 0.637 Medium (n=2666) 65 2.4 688.5 0.223
Good (n=735) 29 3.9 679.4 Good (n=760) 13 1.7 692.3
Chronic disease
Yes (n=1263) 211 16.7  590.9 Yes (n=1704) 149 8.7 648.3

<0.001 <0.001
No (n=3106) 50 1.6 7022 No (n=2282) 11 0.4 702.4
Number of chronic diseases
0 (n=3106) 50 1.6 7022 0 (n=2882) 11 0.4 702.4
1-2 (n=1003) 133 13.3  613.8 <0.001 1-2(n=1338) 83 6.2 664.6 <0.001
3> (n=260) 78 30.0 5018 3> (n=366) 66 18.0 586.1
Alcohol
Never used (n=1574) 95 6 460.0 Never used (n=2349) 69 2.9 -
ililsge?nbzelfgzea)/ Currently us- 35 28 4731 <0.001 Hssiildgkzifzogga{)Currently 0 0.0 i -
Smoking
Never used (n=1625) 65 4.0 467.9 Never used (n=2200) 55 2.5 475.0
Efg’?nz%fg;‘; / Currently us- 56 90 asss 0001 H:;‘y’(ifz";gg)cu”e"ﬂy 10 26 a7as 866
Presence of pre-diagnosis complaints
Yes (n=2484) 133 5.4 504.0 Yes (n=2729) 90 33 640.0 0.007
No (n=1855) 128 6.8  669.4 <0.001 No (n=1857) 70 5.8 681.3
Number of complaints before diagnosis
0 (n=1885) 128 6.8  669.4 0 (n=1857) 70 3.8 6813  _y001
1-2 (n=920) 84 9.1 444.2 <0.001 1-2 (n=740) 52 7.4 616.3
3> (n=1564) 49 3.1 5151 3> (n=2025) 38 1.9 477.7
Admission status
Outpatient (n=3672) 42 1.1 696.8 Outpatient (n=4024) 20 0.5 701.0
Service admission (n=466) 51 119 6411 oo ?ﬁi‘ﬁgfdmissm 59 132 6339 .0,
l(r;tzezn;ilxge care admission 168 727 2111 I(r;iefls;\ge care admission 81 711 221.0
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such diseases (HR: 25.3; 95% CI: 18.8-34.2).
The risk of death was higher in people who
never used alcohol compared to those who
used before / currently using (HR: 2.1; 95%
CI: 1.4-3.0). The risk of death in ex-smokers
or current smokers was higher than in non-
smokers (HR: 2.1; 95% CI: 1.5-2.9). Death risk
was higher for people without any symptoms
than for people with three or more symptoms
(HR:3.5; 95% Cl:2.7-4.6). The risk of death in
patients hospitalized in the intensive care unit
was (HR:170.8; 95% Cl: 128.9-226.2) higher
than in outpatients (Table 3).

In the multivariate Cox regression model, the
risk of death in patients over 80 years of age
(aHR:22.3; 95% CI: 10.4-47.7) was higher
than in patients younger than 50 years of age.
The risk of death (aHR:1.6; 95% CI: 1.1-2.4)
was higher in ex-smokers or current smokers
compared to non-smokers. The risk of death
in patients who had no complaints before
diagnosis was (aHR:1.7; 95% Cl: 1.2-2.6)
higher than those with 3 or more complaints.
The risk of death in patients hospitalized in
the intensive care unit was (aHR:62.3; %95 Cl:
37.6-101.9) higher than in outpatients (Table 4).

Table 3. Mean survival times in the categories of independent variables in men and women COVID-19 patients

Men Women
Mean Log- Mean
Number survival g Number survival Log-
% . Rank % .
of deaths time ®) of deaths time Rank (p)
(days) P (days)
Diabetes Mellitus
- No
No (n=3397) 190 5.6 667.5 (n=3517) 98 2.8 686.4
<0.001 <0.001
_ Yes
Yes (n=421) 70 16.6 587.9 (n=477) 61 12.8 617.7
Hypertension
_ No
No (n=3236) 159 4.9 672.2 (n=3272) 72 2.2 690.0
<0.001 v <0.001
_ es
Yes (n=582) 101 17.4 583.7 (n=732) 87 12.0 627.0
Coronary Artery Disease
_ No
No (n=3501) 175 5.0 671.1 (n=3751) 123 3.3 683.1
<0.001 v <0.001
_ es
Yes (n=317) 85 26.8 524.0 (n=243) 36 14.8 601.0
Heart Failure
No
No (n=3751 227 6.1 664.0 137 3.5 681.9
( ) <0.001 (n=3940) <0.001
Yes (n=67) 33 49.3 304.4 Yes (n=54) 22 40.7 372.3
Cancer
_ No
No (n=3718) 211 5.7 666.5 (n=3880) 120 3.1 683.9
<0.001 v <0.001
- es
Yes (n=100) 49 49.9 397.0 (n=114) 39 34.2 491.7
High Cholesterol
_ No
No (n=3675) 242 6.7 660.5 (n=3832) 148 3.9 679.4
<0.05 v 0.056
- es
Yes (n=143) 18 12.6 614.1 (n=162) 11 6.8 656.5

Turk ] Public Health 2023;21(3)
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Table 3. Mean survival times in the categories of independent variables in men and women COVID-19 pa-

tients
Men Women
Mean Log- Mean
Number Y survival Ra gk Number o survival Log-
of deaths ° time ) of deaths ° time Rank (p)
(days) P (days)
Cirrhosis
No
No (n=3787 255 6.7 659.7 157 (3.9 678.8
(n=3787) <005 (n=3985) °7(9) <0.05
Yes (n=20) 5 25.0 536.2 Yes (n=9) 2(22.2) 440.4
Cerebrovascular Disease
No
No (n=3787 247 6.5 661.0 151 3.8 670.5
( ) <0.001  (n=3965) <0.001
Yes (n=31) 13 419 420.0 Yes (n=29) 8 27.6 546.3
Dementia
No
No (n=3791 243 6.4 661.9 125 3.2 683.8
( ) <0.001 (n=3942) <0.001
Yes (n=27) 17 63.0 232.3 Yes (n=52) 34 63.4 296.8
Table 4. Crude and adjusted hazard ratios for all cause mortality in patients with COVID-19
HR (%95Cl) aHR (%95Cl)
Women Ref.
Gender
Men 1.7 (1.4-2.1)
Under 50 Ref. Ref.
50-59 8.4 (5.0-13.9) 3.3 (1.5-7.2)
Age groups 60-69 25.5(15.9-41.0) 7.2 (3.5-14.7)
70-79 75.8 (48.2-119.1) 11.8 (5.9-23.0)
Over 80 175.7 (112.1-275.3) 20.9 (10.1-43.0)
Married Ref.
Marital status
Not married 0.9 (0.7-1.1.1)
Higher education Ref.
Educational categories Primary / secondary level education 3.7 (2.8-5.0)
Literate / illiterate 7.1 (4.7-10.5)
0 Ref.
Number of chronic diseases 1-2 9.4 (7.1-12.6)
3> 25.3 (18.8-34.2)
Used before / Currently using Ref.
Alcohol
Never used 2.1(1.4-3.0)
Never used Ref. Ref.
Smoking
Used before / Currently using 2.1(1.5-2.9) 1.6 (1.2-2.3)
3> Ref. Ref.
Number of complaints before
diagnosis 1-2 2.0 (1.5-2.6) 2.5 (1.7-3.7)
0 3.5 (2.7-4.6) 1.5 (1.1-2.2)
Outpatient Ref. Ref.
Admission status Service admission 14.5 (10.6-19.9) 5.5(3.3-9.3)

Intensive care admission

170.8 (128.9-226.2)

58.0 (36.5-92.1)

Note: aHR adjusted for gender, age, marital status, education, number of chronic diseases, alcohol, smoking, number of complaints before diagnosis,

admission status.

Turk ] Public Health 2023;21(3)
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DISCUSSION

In this retrospective cohort study, we

investigated the magnitude and the
predictors of all-cause mortality in COVID-19
patients over more than one year follow up.
Age, smoking, number of pre-diagnostic
complaints and admission status significantly
increased the risk of death from all causes in

COVID-19 patients.

In our study, the cumulative all-cause
mortality rate was found to be 4.7%. Of the
confirmed cases, 2.9% of the patients died
due to the acute effects of COVID-19. When
evaluating the total deaths in confirmed
cases, the Case Fatality Rate (CFR) was 1.089
in the United States, which had the highest
number of cases as of October 8, 2023, and
0.5 in Turkey . The higher number of acute-
phase deaths observed in our study may
be attributed to our hospital’s service area
being specific to a certain region and its
proximity to areas with a predominantly
elderly population. Furthermore, the 4.7%
cumulative all-cause mortality rate observed
in our study encompasses all deaths without
attributing them to any specific cause and
results from a long-term follow-up. Therefore,
deaths unrelated to the effects of COVID-19,
occurring as a natural course in patients, may
account for this difference.

In our study, mortality was found to be high
in the elderly similar to other studies in the
literature %>, Mahendra et al. reported that
being over 50 years of age and prolonged
duration of symptoms were independent
predictors of death 2°. In our study, the risk
of death in individuals over the age of 80 was
more than 20 times higher than in individuals
under the age of 50. As comorbidity increases

with age in the elderly, mortality may also be
Turk ] Public Health 2023;21(3)

on the rise. In addition, the elderly have a high
vulnerability and low immunity to infection.
This may explain the disproportionate death
toll from COVID-19 in older age groups #'.

Studies have confirmed that male gender is
a major risk factor for all-cause mortality in
COVID-19 patients ?*%. In our study, men were
1.7 times more likely to die from COVID-19
compared to women, but this association
disappeared when adjusted to other variables.
In a study conducted in Mexico, both gender
and old age increased the risk of death. The
risk was 16 times higher for men in the oldest
group in the same study #.

Chronic diseases also have a significant
impact on mortality outcomes. In our study,
diabetes

artery disease, heart failure, cancer, kidney

mellitus, hypertension, coroner

disease, chronic lung disease, cirrhosis,
cerebrovascular disease, dementia in men
and women were significantly associated
with all cause. High cholesterol only in
women and thyroid disease only in men was
associated with death. These findings are
similar in terms of mortality for diabetes
mellitus 3°, hypertension, cardiovascular and
cerebrovascular diseases 3?2, chronic liver
disease %3, chronic lung disease 3%, chronic
kidney disease 3> in the literature. On the
other hand, there was no significant between
all cause of death and asthma, as also reported

in the study of Matsumoto et al .

Mild symptoms occur in 81% of COVID-19
cases *” and the mortality rate in these cases
is low. However, mortality rates increase
in hospitalized cases 3%. In our study, the
highest mortality rates were found in patients
admitted to the intensive care unit. Most of
the patients admitted to the intensive care
unit died within the first 28 days. Only 17.6%
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of the patients admitted to the intensive care
unit died after 28 days. These findings are also

compatible with the literature 2°3949.

Some lifestyle factors may also be risk factors
for all-cause mortality. In the study of Zheng
et al, smoking was found to be one of the
importantrisk factors for death *. In our study,
smoking was associated approximately 2-time
increased risk of death after multivariate
adjustments. However, this relationship was
not found in some studies %% In our study, this
risk was not found in women either (p=0.866).
Alcohol use is also an important behavioral
condition, but alcohol was not a significant
factor for all cause of death in our study.

Our study has several strengths. This study has
a large sample size from a single center that
serves a population of around half a million
living mostly urban and rural communities.
Our findings are more generalizable because
this hospital was designated as a public
pandemic hospital that serves the general
population. In our study, patients were
followed up in average more than a year, and
death due to all causes suggested by WHO was
investigated. However, the study has some
limitations. Missing data in the questionnaire
because of recall bias is a problem in self-
reported disease history or symptoms. If the
patient died in the early days of COVID-19
some of the data on the independent variables
could not be obtained from the relatives. In
such cases hospital records were checked. The
mortality data of our study are only related to
whether the person died or not. The causes
of death of the persons could not be reached.
The identification of mortality rates exceeding
those observed in all-time COVID-19 data may
potentially be attributed to the inclusion of

deaths due to causes unrelated to the disease,

Turk ] Public Health 2023;21(3)

such as accidents, without any specific

underlying reasons.

CONCLUSIONS

In this cohort study, in
COVID-19 patients, the risk of all-cause

mortality is higher in the elderly, smokers,

retrospective

individuals admitted to medical or intensive
care services, and those with a decreasing
number of pre-diagnostic complaints. Having
a chronic disease was a significant risk factor
for all-cause mortality. Monitoring patients
with long follow-up periods and determining
the course of illness and cause of death are
important for understanding the natural
course of COVID-19.

ACKNOWLEDGEMENTS

We thank all DEU-COVIMER staff and all of the

participating individuals in the study.

Conflict of Interest: We declare no competing

interests.

Financial Support: This research did not
receive any specific grant from funding
agencies in the public, commercial, or not-for-

profit sectors.

Ethical The
approved by the Dokuz Eylul University Non-

Declaration: study was
Interventional Research Ethics Committee
(Date: 23.03.2022- Decision No: 2022/11-
01).

Authorship Contributions: Concept: AFS,
ANE, BU, Design: SK, ANE, Supervising: AFS,
BU, ANE, Data collection and entry: ANE, AFS,
SK, OT, NS, EBS, Analysis and interpretation:
AFS, ANE, SK, BU, Literature search: AFS, BU,
Writing: AFS, BU, Critical review: ANE, OT, BU.

345



Investigation of all-cause mortality

REFERENCES

1.

10.

WHO. Coronavirus (COVID-19) Dashboard.
Published October 8, 2023. Accessed October 8,
2022. https://covid19.who.int

Natasha H, Egbert S, Annemarie TV. Conflict And
Health. McGraw-Hill Education (UK); 2012.

Karlinsky A, Kobak D. Tracking excess mortality
across countries during the COVID-19 pandemic
with the World Mortality Dataset. eLife.
2021;10:e69336. d0i:10.7554/eLife.69336

Alharthy A, Aletreby W, Faqihi F, et al. Clinical
characteristics and predictors of 28-day mortality
in 352 critically ill patients with COVID-19: a
retrospective study. ] Epidemiol Glob Health.
2021;11(1):98.

Wang S, Ma P, Zhang S, et al. Fasting blood glucose
at admission is an independent predictor for
28-day mortality in patients with COVID-19
without previous diagnosis of diabetes: a
multi-centre retrospective study. Diabetologia.

2020;63(10):2102-2111.

loannidis JPA. Infection fatality rate of COVID-19
inferred from seroprevalence data. Bull World
Health Organ. 2021;99(1):19-33F doi:10.2471/
BLT.20.265892

WHO. WHO Director-General’s opening remarks
at the media briefing on COVID-19 - 3 March
2020. Published March 3, 2020. Accessed May 19,
2022.
speeches/detail/who-director-general-s-opening-

https://www.who.int/director-general/

remarks-at-the-media-briefing-on-covid-19---3-
march-2020

Verduri A, Short R, Carter B, et al. Comparison
between first and second wave of COVID-19
outbreak in older people. The COPE multicentre
European observational cohort study. Eur ] Public
Health. Published online August 23, 2022:ckac108.
d0i:10.1093/eurpub/ckac108

Ferguson N, Laydon D, Nedjati Gilani G, et
al. Report 9: Impact of Non-Pharmaceutical
Interventions (NPIs) to Reduce COVID19 Mortality
and Healthcare Demand. Imperial College London;
2020.doi:10.25561/77482

Woorim K, Ji Min H, Kyung. Predictors of Mortality
in Patients with COVID-19: A Systematic Review
and Meta-analysis. 2020;30(3):169-176.

Turk ] Public Health 2023;21(3)

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Aldridge RW, Lewer D, Katikireddi SV, et al. Black,
Asian and Minority Ethnic groups in England
are at increased risk of death from COVID-19:
indirect standardisation of NHS mortality data.
Wellcome Open Res. 2020;5:88. doi:10.12688/
wellcomeopenres.15922.2

Docherty AB, Harrison EM, Green CA, et al. Features
of 20133 UK patients in hospital with covid-19
using the ISARIC WHO Clinical Characterisation
Protocol: prospective observational cohort study.
BM]J. 2020;369:m1985. doi:10.1136/bmj.m1985

Zuin M, Rigatelli G, Zuliani G, Rigatelli A, Mazza A,
Roncon L. Arterial hypertension and risk of death in
patientswithCOVID-19infection: Systematicreview
and meta-analysis. | Infect. 2020;81(1):e84-e86.
doi:10.1016/j.jinf.2020.03.059

Chen R, Liang W, Jiang M, et al. Risk Factors of
Fatal Outcome in Hospitalized Subjects With
Coronavirus Disease 2019 From a Nationwide
Analysis in China. Chest. 2020;158(1):97-105.
doi:10.1016/j.chest.2020.04.010

Elliott J, Bodinier B, Whitaker M, et al. COVID-19
mortality in the UK Biobank cohort: revisiting
and evaluating risk factors. Eur ] Epidemiol.
2021;36(3):299-309. doi:10.1007/s10654-021-
00722-y

Henry BM, Lippi G. Chronic kidney disease is
associated with severe coronavirus disease
2019 (COVID-19) infection. Int Urol Nephrol.
2020;52(6):1193-1194. doi:10.1007/s11255-
020-02451-9

Hussain A, Bhowmik B, do Vale Moreira NC.
COVID-19 and diabetes: Knowledge in progress.
Diabetes Res Clin Pract. 2020;162:108142.
doi:10.1016/j.diabres.2020.108142

Palaiodimos L, Kokkinidis DG, Li W, et al.
Severe obesity, increasing age and male sex are
independently associated with worse in-hospital
outcomes, and higher in-hospital mortality, in a
cohort of patients with COVID-19 in the Brong,
New York. Metabolism. 2020;108:154262.
doi:10.1016/j.metabol.2020.154262

Vardavas CI, Nikitara K. COVID-19 and smoking: A
systematic review of the evidence. Tob Induc Dis.
2020;18:20. d0i:10.18332/tid/119324

Hastie CE, Mackay DE, Ho F, et al. Vitamin D
concentrations and COVID-19 infection in UK
Biobank. Diabetes Metab Syndr. 2020;14(4):561-

346



Suner AF, et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

565.doi:10.1016/j.dsx.2020.04.050

Ilie PC, Stefanescu S, Smith L. The role of vitamin
D in the prevention of coronavirus disease 2019
infection and mortality. Aging Clin Exp Res.
2020;32(7):1195-1198. doi:10.1007/s40520-
020-01570-8

Martelletti L, Martelletti P. Air Pollution and the
Novel Covid-19 Disease: a Putative Disease Risk
Factor. SN Compr Clin Med. 2020;2(4):383-387.
doi:10.1007/s42399-020-00274-4

Unal B. Dokuz Eylul University hospital COVID-19
follow-up center: Performance and preliminary
findings. Journal of Dokuz Eylul University Medical
Faculty. 2021;35(3):343-350.

Petrilli CM, Jones SA, Yang ], et al. Factors associated
with hospital admission and critical illness among
5279 people with coronavirus disease 2019 in
New York City: prospective cohort study. BM]J.
2020;369:m1966. doi:10.1136/bmj.m1966

Zhou F, Yu T, Du R, et al. Clinical course and risk
factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective cohort
study. The Lancet. 2020;395(10229):1054-1062.
doi:10.1016/S0140-6736(20)30566-3

Mahendra M, Nuchin A, Kumar R, Shreedhar §,
Mahesh PA. Predictors of mortality in patients
with severe COVID-19 pneumonia - a retrospective
study. Adv Respir Med. 2021;89(2):135-144.
doi:10.5603/ARM.a2021.0036

Kang SJ, Jung SI. Age-Related Morbidity and
Mortality among Patients with COVID-19. Infect
Chemother. 2020;52(2):154-164. doi:10.3947/
ic.2020.52.2.154

Galbadage T, Peterson BM, Awada ], etal. Systematic
review and meta-analysis of sex-specific COVID-19
clinical outcomes. Front Med. 2020;7:348.

Salinas-Escudero G, Carrillo-Vega MF Granados-
Garcia V, Martinez-Valverde S, Toledano-Toledano
F, Garduno-Espinosa ]. A survival analysis of
COVID-19 in the Mexican population. BMC Public
Health. 2020;20(1):1-8.

Alguwaihes AM, Al-Sofiani ME, Megdad M, et al.
Diabetesand Covid-19 among hospitalized patients
in Saudi Arabia: a single-centre retrospective study:.
Cardiovasc Diabetol. 2020;19(1):1-12.

Imai Y, Kuba K, Penninger JM. The discovery

Turk ] Public Health 2023;21(3)

32.

33.

34.

35.

36.

37.

38.

39.

40.

of angiotensin-converting enzyme 2 and its
role in acute lung injury in mice. Exp Physiol.
2008;93(5):543-548.

Kreutz R, Algharably EAEH, Azizi M, et al.
the system,
and the risk of lower respiratory tract infections
implications for COVID-19:
European Society of Hypertension COVID-19

Hypertension, renin-angiotensin

and lung injury:

Task Force Review of Evidence. Cardiovasc Res.
2020;116(10):1688-1699.

Li C, Chen Q, Wang ], et al. Clinical characteristics
of chronic liver disease with coronavirus disease
2019 (COVID-19): a cohort study in Wuhan, China.
Aging. 2020;12(16):15938.

Acute
Respiratory Syndrome Coronavirus-2: Impact on
COPD Patients. Chronic Obstr Pulm Dis ] COPD
Found. 2020;7(4):413.

Balkissoon R. Journal Club—Severe

Lu R, Zhao X, Li ], et al. Genomic characterisation
and epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor binding.
Lancet Lond Engl. 2020;395(10224):565-574.
doi:10.1016/5S0140-6736(20)30251-8

Matsumoto K, Saito H. Does asthma affect
morbidity or severity of COVID-19? ] Allergy Clin
Immunol. 2020;146(1):55-57.

Wu Z, McGoogan JM. Characteristics of and
Important Lessons From the Coronavirus Disease
2019 (COVID-19) Outbreak in China: Summary
of a Report of 72314 Cases From the Chinese
Center for Disease Control and Prevention.
JAMA. 2020;323(13):1239-1242. doi:10.1001/
jama.2020.2648

Finelli L, Gupta V, Petigara T, Yu K, Bauer KA, Puzniak
LA. Mortality Among US Patients Hospitalized
With SARS-CoV-2 Infection in 2020. JAMA
Netw Open. 2021;4(4):e216556. doi:10.1001/
jamanetworkopen.2021.6556

Alwafi H, Naser AY, Qanash S, et al. Predictors of
Length of Hospital Stay, Mortality, and Outcomes
Among Hospitalised COVID-19 Patients in Saudi
Arabia: A Cross-Sectional Study. ] Multidiscip
Healthc. 2021;14:839-852. doi:10.2147/JMDH.
S304788

Zareifopoulos N, Lagadinou M, Karela A, Platanaki
C, Karantzogiannis G, Velissaris D. Management of
COVID-19: the risks associated with treatment are
clear, but the benefits remain uncertain. Monaldi

347



Investigation of all-cause mortality

Arch Chest Dis. 2020;90(2).

41. Zheng Z, Peng F, Xu B, et al. Risk factors of
critical & mortal COVID-19 cases: A systematic
literature  review and  meta-analysis. ]
Infect. 2020;81(2):e16-e25. doi:10.1016/j.
jinf.2020.04.021

Turk ] Public Health 2023;21(3) 348



