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Abstract 

Background This cohort study determines the predictors for cause-specific and timing of deaths in patients 
with COVID-19 in Taiwan.

Methods Patients with laboratory-confirmed COVID-19 admitted to Taipei City Hospital from January 1 to July 31, 
2022, were recruited in this cohort. All patients were followed up until death, discharge from the hospital, or August 
31, 2022. Early deaths within the first 2 weeks were recorded, and the cause of death was confirmed by the death 
certificate database of Taiwan. Predictors of cause-specific and timing of deaths of patients with COVID-19 were deter-
mined using multinomial Cox proportional hazards regression analysis.

Results Of the 195 (8.0%) patients who died during hospitalization, 147 (84.0%) had COVID-19-specific deaths. More-
over, 54.9% of the deceased patients had early death. After controlling for other covariates, patients aged ≥ 65 years 
had a higher risk of COVID-19-specific, non-COVID-19-specific, early, and late deaths [adjusted hazards ratio (AHR): 
3.85, 6.45, 3.33, and 6.57; 95% confidence interval (CI): 1.91–7.78, 1.17–35.68, 1.51–7.36, and 2.18–19.76, respectively]. 
Fully vaccinated patients had a lower risk of COVID-19-specific (AHR: 0.68; 95% CI: 0.47–0.98) and early deaths (AHR: 
0.54; 95% CI: 0.35–0.84), whereas comorbid patients with chronic obstructive pulmonary disease had a higher risk 
of non-COVID-19-specific deaths (AHR: 5.43; 95% CI: 1.73–17.03).

Conclusions This study suggests that prioritizing COVID-19 vaccination and carefully monitoring comorbid patients 
during hospitalization can reduce the risk of COVID-19-specific and early deaths and non-COVID-19-specific mortali-
ties, respectively.
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Background
Since its discovery in January 2020, the coronavirus 
disease 2019 (COVID-19) pandemic, caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has spread worldwide [1]. By the end of 2022, 
over 649 million individuals were infected with SARS-
CoV-2, resulting in 6.6 million deaths globally [2].

Previous reports showed that male sex [3], presence of 
diabetes [4], end-stage renal disease [4], cancer [5], and 
hypertension [4] were associated with a higher risk of 
mortality in patients with COVID-19. However, previous 
reports have defined mortality as any death that occurs 
during treatment, regardless of the cause [3–5]. However, 
some patients with COVID-19 die from other pre-existing 
conditions, such as end-stage renal diseases, rather than 
COVID-19 itself. Moreover, few studies have explored the 
differences between COVID- and non-COVID-specific 
mortalities in COVID-19 treatment outcomes. To the best 
of our knowledge, only one study determined the factors 
associated with COVID-19- and non-COVID-19-specific 
deaths in patients infected with SARS-CoV-2 [6]. The study, 
including 1283 patients from March through Decem-
ber 2020 in the US, found that being non-Hispanic Black 
and having a history of chronic health condition were sig-
nificantly associated with COVID-19-specific deaths [6]. 
However, this previous study examining the factors associ-
ated with COVID-19- and non-COVID-19-specific deaths 
had the potential misclassification of confirmed COVID-
19-specific deaths because of limited COVID-19 testing 
availability in the early pandemic in 2020 [6].

Approximately 81% of patients with COVID-19 expe-
rience mild symptoms and have a lower risk of mortal-
ity [7, 8]; however, hospitalized patients with COVID-19 
can develop severe complications (e.g., acute respiratory 
distress syndrome) and have higher mortality rates [9]. 
A previous study in China found that the median time 
from hospitalization to acute respiratory distress syn-
drome was 2  days [10]. Another prospective study in 
France showed that the median time from intensive care 
unit (ICU) admission to death was 14  days in patients 
with COVID-19 [11]. Moreover, the timing of death in 
infectious patients varied according to comorbidities 
and severity of illness [11]. However, few studies have 
determined the predictors of mortality with respect to 
the timing of death in patients with COVID-19. There-
fore, this cohort study aimed to determine the predictors 
for cause-specific and timing of deaths in hospitalized 
patients infected with SARS-CoV-2 in Taiwan.

Methods
Background information
In Taiwan, COVID-19 is a reported infectious disease 
during the pandemic. Healthcare institutes in Taiwan are 

required to report a new COVID-19 case to the Taiwan 
CDC within 24 h through an Internet-based notification 
system. Patients infected with SARS-CoV-2 in Taiwan 
must be admitted to the designated COVID-19 hospitals 
for further treatment [12].

The Taipei City Hospital (TCH) is the largest desig-
nated healthcare institute that accommodates patients 
diagnosed with COVID-19 in northern Taiwan. Patients 
infected with SARS-CoV-2 admitted to the TCH are 
cared for by a designated healthcare professional team.

Study participants
This cohort study consecutively recruited 2,518 patients 
diagnosed with COVID-19 who were admitted to the 
TCH between January 1, 2022, and July 31, 2022. The 
diagnosis of COVID-19 was confirmed by a positive real-
time reverse transcriptase–polymerase chain reaction 
(RT-PCR) test. All patients with COVID-19 were followed 
up until death or discharge from the hospital, whichever 
applied to the patient. This study linked the TCH COVID-
19 dataset to the death certificate database of Taiwan [13] 
to determine the cause of death for the study participants. 
In Taiwan, when a patient dies, it is regulated by the law 
that the patient’s death certificate must be issued and reg-
istered by the physician in charge according to the Inter-
national Classification of Diseases (ICD) 9 or 10. Trained 
medical registrars review and code all death certificates at 
the central office of the National Death Certification Reg-
istry. Therefore, the cause-of-death coding in Taiwan has 
been considered very accurate [13].

The Institutional Review Board of TCH (no. TCH-
IRB-10904014-E) approved the study protocol. The 
requirement for informed consent was also waived by 
the Institutional Review Board of TCH (no. TCHIRB-
10904014-E). All related procedures were performed in 
accordance with the relevant national and institutional 
guidelines and along with those stipulated in the Declara-
tion of Helsinki.

Outcome variables
The outcome variable of interest was treatment out-
come, which was categorized as successful treatment or 
mortality. Mortality was classified as COVID-19-specific 
and non-COVID-19-specific deaths, as determined by 
the death certificate database of Taiwan [13]. Addition-
ally, mortality among study participants was classified as 
early or late death based on the timing of death. A prior 
prospective study showed that the median time from 
ICU hospitalization to death was 14 days in patients with 
COVID-19 [11]. In our cohort study, early death was 
defined as occurring within the first two weeks of hospi-
talization, while late death was defined as occurring more 
than two weeks after hospitalization.
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Covariates
The covariates entered in the core analyses included 
sociodemographic characteristics, comorbidities, COVID-
19 vaccination status, COVID-19 severity, mode of 
oxygen therapy, and treatment regimens. The soci-
odemographic characteristics included age and sex. 
Comorbidities at the time of COVID-19 admission, 
including cancer, heart failure, diabetes, end-stage 
renal disease, and chronic obstructive pulmonary dis-
ease, were collected. The COVID-19 vaccination sta-
tus in study subjects was classified into unvaccinated, 
vaccinated with a single dose, and fully vaccinated (at 
least two doses of vaccination). COVID-19 severity 
was classified as mild, moderate, or severe [14]. Mild 
COVID-19 symptoms were defined as the presence of 
fever, cough, and other non-specific symptoms with-
out evidence of pneumonia. Moderate COVID-19 
symptoms were defined as the presence of pneumo-
nia, requiring supplemental oxygen but not reach-
ing severe status. Severe COVID-19 symptoms were 
defined as the presence of pneumonia, requiring 
supplemental oxygen, along with at least one of the 
following conditions: acute respiratory distress syn-
drome, septic shock, or the need for intensive care 
unit admission. The mode of oxygen therapy included 
high-flow nasal oxygen, BiPAP (bilevel positive air-
way pressure) ventilation, and mechanical ventilation. 
Treatment regimens for COVID-19 disease included 
tocilizumab, Paxlovid, Molnupiravir, and dexametha-
sone therapy.

Statistical analyses
First, the demographic data of the study participants 
were analyzed. Continuous data are presented as mean 
(standard deviation [SD]), and one-way analysis of vari-
ance (ANOVA) was used for intergroup comparisons. 
Categorical data were analyzed using Pearson’s χ2 test, as 
appropriate.

This study assessed the crude associations of factors 
associated with mortality by computing hazard ratios 
(HR) and the corresponding 95% confidence intervals 
(CI). We then used a multivariate analysis to identify the 
factors associated with mortality among patients with 
COVID-19 after adjusting for demographics, comorbid-
ities, COVID-19 severity, mode of oxygen therapy, and 
treatment regimens. Furthermore, we used a multino-
mial Cox proportional hazards regression to identify the 
factors associated with cause-specific mortality (e.g., 
COVID-19- and non-COVID-19-specific mortalities) 
and timing of death (e.g., early and late death), respec-
tively. Adjusted HRs (AHRs) with 95% CIs are reported 

to indicate the strength and direction of the associa-
tion. All data management and analyses were performed 
using SAS 9.4 statistical software package (SAS Insti-
tute, Cary, NC, USA).

Results
Participant selection
This cohort study included 2,518 SARS-CoV-2 infected 
patients admitted to the Taipei City Hospital between 
January 1, 2022 and July 31, 2022. After excluding those 
aged < 18  years (n = 322), the remaining 2,196 patients 
were included in the analysis (Fig.  1). The overall mean 
(SD) age was 62.3 (22.9) years; 53.8% of the patients 
were men, and 8.0% died during hospitalization. Of the 
175 patients who died with COVID-19, 147 (84.0%) 
had COVID-19-specific deaths, while 28 (16.0%) had 
non-COVID-19-specific deaths. Among the 28 non-
COVID-19-specific deaths, 9 (32.1%) were attributed to 
cardiovascular diseases, 4 (14.3%) to malignancies, and 
2 (7.1%) to septic shock. Moreover, 54.9% and 45.1% of 
the deceased patients with COVID-19 died within the 
first 2 weeks and later than 2 weeks after hospitalization, 
respectively.

Characteristics of patients according to age group
Table 1 shows patient characteristics based on age group. 
Patients aged ≥ 65  years had a higher proportion of 
comorbidities and were more likely to be fully vaccinated 
than those aged 18–64  years. Additionally, the propor-
tion of patients receiving oxygen treatment, including 
high-flow nasal oxygen, BiPAP ventilation, and mechani-
cal ventilation, was higher in the ≥ 65-age group than that 
in the 18–64-age group.

Factors associated with mortality in patients 
with COVID‑19
Table  2 shows the univariate and multivariate analyses 
of factors associated with mortality in patients with 
COVID-19 during hospitalization. After controlling 
for demographics, comorbidities, COVID-19 sever-
ity, mode of oxygen treatment, and treatment regi-
mens, risk factors for mortality included age ≥ 65 years 
(AHR = 4.03; 95% CI: 2.21–7.34), cancer (AHR = 2.20; 
95% CI: 1.37–3.54), moderate (AHR = 1.82; 95% CI: 
1.03–3.20) and severe COVID-19 infection (AHR = 2.64; 
95% CI: 1.30–5.32) (mild COVID-19 infection: ref-
erence), and receiving dexamethasone treatment 
(AHR = 2.03; 95% CI: 1.40–2.94).
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Factors associated with COVID‑19‑ 
and non‑COVID‑19‑specific mortalities
We used multinomial Cox regression analysis to 
determine the risk factors associated with COVID-
19- and non-COVID-19-specific mortalities in infec-
tious patients. After adjusting for other covariates, 
age ≥ 65  years was associated with a higher risk of 
COVID-19-specific (AHR = 3.85; 95% CI: 1.91–7.78) 
and non-COVID-19-specific (AHR = 6.45; 95% CI: 
1.17–35.68) deaths (Table  3). Moreover, fully vacci-
nated patients (AHR = 0.68; 95% CI: 0.47–0.98) had a 
lower risk of COVID-19-specific death than unvacci-
nated patients. Furthermore, comorbid patients with 
chronic obstructive pulmonary disease had a higher 
risk of non-COVID-19-specific deaths (AHR = 5.43; 
95% CI: 1.73–17.03).

Predictors of early and late death in COVID‑19 patients
A multinomial Cox proportional hazards model 
was conducted to determine the risk factors associ-
ated with early and late mortality in patients with 
COVID-19. After adjusting for potential confound-
ers, age ≥ 65  years was associated with a higher risk 
of early (AHR = 3.33; 95% CI: 1.51–7.36) and late 
deaths (AHR = 6.57; 95% CI: 2.18–19.76). Moreo-
ver, fully vaccinated patients had a lower risk of early 
death (AHR = 0.54; 95% CI: 0.35–0.84), while comor-
bid patients with cerebrovascular disease had a higher 

risk of late mortality (AHR = 2.43; 95% CI: 1.38–4.25) 
(Table 4).

Discussion
This cohort study found that the mortality rate was 
8.0% among hospitalized COVID-19 patients. Of all 
deceased patients, 147 (84.0%) had COVID-19-specific 
deaths, and 96 (54.9%) died within the first 2  weeks of 
hospitalization. After controlling for demographics, 
comorbidities, COVID-19 severity, and treatment regi-
mens, age ≥ 65  years was associated with a higher risk 
of COVID-19-specific, non-COVID-19-specific, early, 
and late deaths. Moreover, fully vaccinated patients had 
a lower risk of COVID-19-specific and early deaths, 
whereas comorbid patients with chronic obstructive pul-
monary disease had a higher risk of non-COVID-19-spe-
cific deaths.

This study found that the mortality rate among hospi-
talized patients with COVID-19 in 2022 was 8.0%, which 
is lower than the 11.1% and 12.0% rates observed in the 
US [9] and UK [15], respectively, in 2020. The lower 
mortality rate in our cohort in 2022 may be attributed 
to the implementation of vaccination programs [16] and 
improvements in COVID-19 management from 2020 
through 2022 [17, 18]. Although 81% of patients with 
COVID-19 did not require hospitalization due to mild 
symptoms and low death rate [7], the mortality risk in 
hospitalized patients with COVID-19 was high [9, 15]. 
Our study findings suggest that hospitalized patients 

Fig. 1 Flow diagram for the selection of the study population
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Table 1 Characteristics of the patients according to age group

Characteristics Number (%) of  patientsa P‑value

Total, n = 2,196 Aged 18–64 years, 
n = 971

Aged ≥ 65 years, n = 1,225

Demographics

 Sex

  Female 1015 (46.2) 457 (47.1) 558 (45.6) 0.48

  Male 1181 (53.8) 514 (52.9) 667 (54.4)

 Vaccination Status

  Unvaccinated 751 (34.2) 359 (37.0) 392 (32.0) 0.011

  Vaccinated with a single dose 169 (7.7) 61 (6.3) 108 (8.8)

  Fully vaccinated 1276 (58.1) 551 (56.7) 725 (59.2)

Comorbidities

 Cancer 66 (3.0) 10 (1.0) 56 (4.6)  < .001

 Heart failure 287 (13.1) 37 (3.8) 250 (20.4)  < .001

 Diabetes 403 (18.4) 70 (7.2) 333 (27.2)  < .001

 End-stage of renal disease 200 (9.1) 37 (3.8) 163 (13.3)  < .001

 Chronic obstructive pulmonary disease 120 (5.5) 9 (0.9) 111 (9.1)  < .001

Categorization of COVID‑19 severity

 Mild 1080 (49.2) 687 (70.7) 393 (32.0)  < .001

 Moderate 970 (44.2) 254 (26.2) 716 (58.5)

 Severe 146 (6.7) 30 (3.1) 116 (9.5)

Mode of oxygen treatment

 High-flow nasal oxygen

  No 2151 (98.0) 965 (99.4) 1186 (96.8)  < .001

  Yes 45 (2.1) 6 (0.6) 39 (3.2)

 BiPAP Ventilation

  No 2179 (99.2) 969 (99.8) 1210 (98.8) 0.007

  Yes 17 (0.8) 2 (0.2) 15 (1.2)

 Mechanical ventilation

  No 2147 (97.8) 959 (98.8) 1188 (97.0) 0.005

  Yes 49 (2.2) 12 (1.2) 37 (3.0)

Treatment regimens

 Tocilizumab

  No 2129 (97.0) 961 (99.0) 1168 (95.4)  < .001

  Yes 67 (3.0) 10 (1.0) 57 (4.6)

 Paxlovid

  No 1976 (90.0) 928 (95.6) 1048 (85.6)  < .001

  Yes 220 (10.0) 43 (4.4) 177 (14.4)

 Molnupiravir

  No 1946 (88.6) 929 (95.7) 1017 (83.0)  < .001

  Yes 250 (11.4) 42 (4.3) 208 (17.0)

 Dexamethasone

  No 1624 (74.0) 873 (89.9) 751 (61.3)  < .001

  Yes 572 (26.1) 98 (10.1) 474 (38.7)

 Cause-specific mortality

  COVID-19-specific death 147 (6.7) 11 (1.1) 136 (11.1)  < .001

  Non-COVID-19-specific death 28 (1.3) 2 (0.2) 26 (2.1)

 Timing of death

  Early death 96 (4.4) 10 (1.0) 86 (7.0)  < .001

  Late death 79 (3.6) 3 (0.3) 76 (6.2)

COVID-19 coronavirus disease 2019, SD standard deviation, BiPAP bilevel positive airway pressure
a Unless stated otherwise
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Table 2 Factors associated with mortality among patients with COVID-19 based on univariate and multivariate analyses

Variables Number of patients Death during 
hospitalization

Univariate Multivariate analysis

n (%) HR (95%CI) AHR (95%CI)

Demographics
 Age, years

  18–64 971 13 (1.3) 1

  ≥ 65 1225 162 (13.2) 6.55 (3.71–11.56)*** 4.03 (2.21–7.34)***

 Sex

  Female 1015 78 (7.7) 1

  Male 1181 97 (8.2) 0.91 (0.68–1.23) 0.81 (0.59–1.10)

 Vaccination Status

    Unvaccinated 751 83 (11.1) 1

   Vaccinated with a single dose 169 15 (8.9) 0.90 (0.52–1.56) 0.89 (0.51–1.57)

   Fully vaccinated 1276 77 (6.0) 0.67 (0.49–0.92)* 0.76 (0.55–1.06)

Comorbidities
 Cancer

  No 2130 153 (7.2)

  Yes 66 22 (33.3) 2.08 (1.31–3.33)** 2.20 (1.37–3.54)**

 Heart failure

  No 1909 132 (6.9)

  Yes 287 43 (15.0) 1.49 (1.05–2.12)* 1.20 (0.82–1.74)

 Diabetes

  No 1793 128 (7.1)

  Yes 403 47 (11.7) 1.20 (0.85–1.68) 0.89 (0.62–1.27)

 End-stage of renal disease

  No 1996 147 (7.4)

  Yes 200 28 (14.0) 1.44 (0.96–2.16) 1.08 (0.69–1.68)

 Chronic obstructive pulmonary disease

  No 2076 153 (7.4)

  Yes 120 22 (18.3) 1.57 (1.00–2.47)* 1.03 (0.63–1.69)

 Categorization of COVID‑19 severity
  Mild 1080 17 (1.6) 1 1

  Moderate 970 107 (11.0) 4.07 (2.42–6.85)*** 1.82 (1.03–3.20)*

  Severe 146 51 (34.9) 8.63 (4.90–5.21)*** 2.64 (1.30–5.32)**

Mode of oxygen treatment
 High-flow nasal oxygen

  No 2151 158 (7.4) 1

  Yes 45 17 (37.8) 2.97 (1.79–4.94)*** 1.23 (0.65–2.30)

 BiPAP Ventilation

  No 2179 166 (7.6)

  Yes 17 9 (52.9) 2.08 (1.04–4.13)* 0.93 (0.44–1.97)

 Mechanical ventilation

  No 2147 151 (7.0)

  Yes 49 24 (49.0) 2.38 (1.51–3.74)*** 1.28 (0.73–2.23)

Treatment regimens
 Tocilizumab

  No 2129 151 (7.1) 1

  Yes 67 24 (35.8) 2.87 (1.85–4.44)*** 1.58 (0.98–2.57)

 Paxlovid

  No 1976 164 (8.3)

  Yes 220 11 (5.0) 0.69 (0.38–1.27) 0.69 (0.37–1.30)
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with COVID-19 require close monitoring and careful 
treatment during hospitalization.

This study showed that age ≥ 65  years was associated 
with a higher risk of COVID-19-specific, non-COVID-
19-specific, early, and late deaths. The age-associated 
decline of adaptive immunity against SARS-CoV-2 may 
account for the high mortality in older patients with 
COVID-19. A previous study found that aging was asso-
ciated with defects in B- and T-cell immunity [19], which 
could inhibit the control of viral replication and may 
lead to high mortality in patients with COVID-19 [19]. 
Another study found that older macaques inoculated 
with SARS-CoV had stronger innate immune responses 
to infection than those of younger adults, which caused 
an increase in the differential expression of genes asso-
ciated with inflammation and severe illness [20]. Since 
older age was related to a higher risk of death in infec-
tious patients, the findings of our report suggest that 
older adults should be prioritized in the implementation 
of preventive measures.

In the present study, we observed that full vaccina-
tion reduced the risk of COVID-19-specific mortality by 
32% and early mortality by 46%. During the pandemic, 
the Taiwanese government encouraged individuals to 
receive at least two doses of the COVID-19 vaccine to 
achieve sufficient immunity against SARS-CoV-2 infec-
tion [21]. As of December 1, 2022, 88% of the Taiwanese 
population had received at least two doses of COVID-19 
vaccines [21]. Vaccines are the most important strategy 
for preventing SARS-CoV-2 infection [22, 23]. Moreo-
ver, COVID-19 vaccines can elicit immune responses 
and induce the production of neutralizing antibod-
ies [24], which could reduce the severity of infection. 
In our cohort, 34.1% of patients with COVID-19 were 
unvaccinated, which accounted for 69 (46.9%) COVID-
19-specific and 47 (49.0%) early deaths. As unvaccinated 
patients have a higher risk of mortality [25], the findings 

of our study suggest that vaccination is imperative in 
reducing COVID-19-specific mortalities.

This cohort study found that, of all deceased patients 
infected with SARS-CoV-2, 84.0% had COVID-19-spe-
cific deaths, and 54.9% died within the first 2 weeks of 
hospitalization. Nonetheless, several limitations should 
be considered when interpreting the findings of this 
cohort study. First, important factors such as the sever-
ity and duration of existing comorbidities, obesity, 
and the interval between individuals’ vaccination and 
COVID-19 infection, which may be associated with 
patient mortality, were not collected in this study. Sec-
ond, this study only included patients with COVID-19 
during the implementation of vaccine programs in 2022. 
Future studies are required to determine the predictors 
of cause-specific mortality and the timing of deaths in 
patients with COVID-19 before the implementation 
of vaccine programs. Third, the COVID-19 reinfection 
rate in Taiwan was approximately 0.1% in 2022 [26]. 
However, data on the reinfection status of our study 
participants are not available. Finally, since all study 
participants were Taiwanese, the external validity of 
our findings may be a concern. Therefore, the generaliz-
ability of our findings to other non-Asian ethnic groups 
needs further verification.

Conclusion
This cohort study found that, of all deceased patients 
infected with SARS-CoV-2, 84.0% had COVID-19-spe-
cific, and 54.9% died within the first 2 weeks of hospitali-
zation. After controlling for demographics, comorbidities, 
COVID-19 severity, and treatment regimens, age ≥ 65 years 
was associated with a higher risk of COVID-19-specific, 
non-COVID-19-specific, early, and late deaths. Moreo-
ver, fully vaccinated patients had a lower risk of COVID-
19-specific and early deaths, whereas comorbid patients 
with chronic obstructive pulmonary disease had a higher 

COVID-19 coronavirus disease 2019, AHR adjusted hazard ratio, CI confidence interval, BiPAP bilevel positive airway pressure
*  < .05; ** < .01; *** < .001

Table 2 (continued)

Variables Number of patients Death during 
hospitalization

Univariate Multivariate analysis

n (%) HR (95%CI) AHR (95%CI)

 Molnupiravir

  No 1946 154 (7.9)

  Yes 250 21 (8.4) 0.90 (0.57–1.43) 0.82 (0.50–1.33)

 Dexamethasone

  No 1624 53 (3.3)

  Yes 572 122 (21.3) 3.80 (2.72–5.32)*** 2.03 (1.40–2.94)***
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Table 3 Multinomial regression analysis of risk factors of COVID-19-specific and non-COVID-19-specific  deathss

COVID-19 Coronavirus disease 2019, AHR adjusted hazard ratio, CI confidence interval, BiPAP bilevel positive airway pressure
a Successfully treated COVID-19 patients were used as the reference

Factors COVID‑19‑specific deaths Non‑COVID‑19‑specific deaths

AHR (95% CI) P value AHR (95% CI) P value

Demographics
 Age, years

  18–64 1 1

  ≥ 65 3.85 (1.91–7.78)  < .001 6.45 (1.17–35.68) 0.033

 Sex

  Female 1 1

  Male 0.74 (0.53–1.03) 0.077 1.06 (0.41–2.77) 0.901

 Vaccination Status

  Unvaccinated 1 1

  Vaccinated with a single dose 0.82 (0.43–1.54) 0.535 2.10 (0.46–9.65) 0.340

  Fully vaccinated 0.68 (0.47–0.98) 0.04 1.79 (0.63–5.11) 0.275

 Comorbidities
  Cancer 2.11 (1.24–3.57) 0.006 2.29 (0.75–6.98) 0.145

  Heart failure 1.24 (0.82–1.89) 0.313 0.43 (0.15–1.22) 0.112

  Diabetes 0.94 (0.62–1.40) 0.744 0.42 (0.11–1.55) 0.192

  End-stage of renal disease 0.93 (0.56–1.55) 0.773 3.50 (0.77–15.82) 0.104

  Chronic obstructive pulmonary disease 0.88 (0.48–1.61) 0.678 5.43 (1.73–17.03) 0.004

 Categorization of COVID‑19 severity
  Mild 1 1

  Moderate 4.01 (1.68–9.55) 0.002 0.15 (0.04–0.58) 0.006

  Severe 2.11 (1.07–4.17) 0.031 0.53 (0.12–2.34) 0.405

Oxygen treatment
 High-flow nasal oxygen

  No 1 1

  Yes 1.01 (0.50–2.03) 0.978 4.94 (0.65–37.58) 0.123

 BiPAP Ventilation

  No 1 1

  Yes 1.11 (0.51–2.40) 0.797 0.40 (0.10–1.60) 0.196

 Mechanical ventilation

  No 1 1

  Yes 1.36 (0.74–2.53) 0.326 0.58 (0.16–2.11) 0.410

Treatment regimens
 Tocilizumab

  No 1 1

  Yes 1.54 (0.91–2.60) 0.106 2.36 (0.53–10.39) 0.258

 Paxlovid

   No 1 1

  Yes 0.59 (0.30–1.19) 0.141 1.63 (0.45–5.97) 0.458

 Molnupiravir

  No 1 1

  Yes 0.79 (0.46–1.38) 0.414 1.34 (0.29–6.35) 0.709

 Dexamethasone

  No 1 1

  Yes 2.09 (1.32–3.31) 0.002 1.52 (0.53–4.32) 0.433
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Table 4 Multinomial regression analysis of risk factors of early and late mortality in patients with COVID-19a

COVID-19 coronavirus disease 2019, AHR adjusted hazard ratio, CI confidence interval, BiPAP bilevel positive airway pressure
a Successfully treated COVID-19 patients were used as the reference

Factors Early deaths Late deaths

AHR (95% CI) P value AHR (95% CI) P value

Demographics
 Age, years

  18–64 1 1

  ≥ 65 3.33 (1.51–7.36) 0.003 6.57 (2.18–19.76) 0.001

 Sex

  Female 1 1

  Male 0.74 (0.49–1.13) 0.168 0.80 (0.49–1.30) 0.362

 Vaccination status

  Unvaccinated 1 1

  Vaccinated with a single dose 0.68 (0.31–1.48) 0.325 1.31 (0.53–3.21) 0.561

  Fully vaccinated 0.54 (0.35–0.84) 0.006 1.37 (0.81–2.32) 0.247

 Comorbidities
  Cancer 1.77 (0.84–3.75) 0.136 2.43 (1.38–4.25) 0.002

  Heart failure 1.07 (0.61–1.89) 0.806 1.28 (0.76–2.16) 0.346

  Diabetes 1.00 (0.61–1.63) 0.997 0.65 (0.36–1.19) 0.162

  End-stage of renal disease 0.93 (0.50–1.73) 0.816 1.39 (0.66–2.95) 0.388

  Chronic obstructive pulmonary disease 1.04 (0.52–2.08) 0.922 1.02 (0.46–2.27) 0.960

 Categorization of COVID‑19 severity
  Mild 1 1

  Moderate 4.44 (1.58–12.43) 0.005 1.28 (0.39–4.21) 0.683

  Severe 1.93 (0.90–4.11) 0.091 1.47 (0.56–3.84) 0.431

Oxygen treatment
 High-flow nasal oxygen

  No 1 1

  Yes 1.18 (0.48–2.92) 0.720 1.33 (0.50–3.54) 0.572

 BiPAP Ventilation

  No 1 1

  Yes 0.22 (0.03–1.74) 0.151 1.91 (0.77–4.72) 0.164

 Mechanical ventilation

  No 1 1

  Yes 1.52 (0.70–3.33) 0.292 1.04 (0.44–2.50) 0.924

Treatment regimens
 Tocilizumab

  No 1 1

  Yes 1.36 (0.71–2.63) 0.354 1.66 (0.81–3.40) 0.167

 Paxlovid

  No 1 1

  Yes 0.40 (0.14–1.17) 0.094 1.16 (0.53–2.50) 0.713

 Molnupiravir

  No 1 1

  Yes 0.89 (0.43–1.84) 0.754 0.85 (0.42–1.72) 0.649

 Dexamethasone

  No 1 1

  Yes 2.15 (1.19–3.88) 0.011 2.03 (1.15–3.57) 0.015
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risk of non-COVID-19-specific deaths. The findings of our 
study suggest that the provision of COVID-19 vaccination 
is imperative to reduce SARS-CoV-2-specific and early 
deaths, and comorbid patients with COVID-19 require 
close monitoring and careful treatment during hospitaliza-
tion to reduce the non-COVID-19-specific mortalities.
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