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ABSTRACT 
Background: Comorbid disease, a ratio of partial pressure of oxygen (PaO2) to a fraction of inspired oxygen 
(FiO2) (P/F ratio), ferritin serum, liver function, and kidney function correlate with mortality; hence, these 
factors are suggested as the prognostic markers in COVID -19. This study aims to analyze comorbid diseases, 
decreased PaO2/FiO2 ratio, increased ferritin, and decreased liver and kidney function as risk factors for 
mortality in COVID-19 patients. Methods: An analytic observational study with a match case-control design. 
Analysis was performed univariate, bivariate with the chi-squared test, and multivariate analysis using binary 
logistic regression analysis. Results: The subjects of the study were 220 people. The comorbid disease and the 
mortality of COVID-19 patients (p=0.038, OR=2.737, 95% CI 1.020 to 7.342), PaO2/FiO2 ratio to COVID-19 
patient mortality (p=0.000, OR=43.1 95% CI 19.461 to 95.478), ferritin serum levels to COVID-19 patient 
mortality (p=0.000, OR=53.3, 95% CI 21.014 to 135.110), decreased liver function to COVID-19 patient 
mortality (p=0.000, OR=62.4  95% CI 25.323 to 153.567), decreased kidney function to COVID-19 patient 
mortality (p=0.000, OR=1389.7 95% CI 170.8 to 11307.2). The most dominant variable related to the death of 
COVID-19 patients is the decreased kidney function with an OR value of 722.447 (95% CI 33.356 to 15647.243). 
Conclusion: Risk factors of mortality of COVID-19 patients are comorbid disease, decrease in PaO2/FiO2 ratio, 
increase in ferritin, decrease in liver function, and decrease in kidney function. Of all these, the most dominant 
risk factor related to the highest mortality rate among COVID-19 patients is the decrease in kidney function. 
 

Keywords: COVID-19; mortality; risk factors; comorbid disease; PaO2/FiO2 ratio; ferritin; liver function; 
renal function.
 
INTRODUCTION  
COVID-19 infection causes disturbances in the lung organs 
that affect the respiratory tract, which causes pneumonia 
and acute respiratory failure.[1]Morbidity and death 
related to COVID-19 are due to complications primarily 
ARDS, which occurs in up to 15% of cases.[2,3]The ratio of 
partial pressure of oxygen (PaO2) to a fraction of inspired 
oxygen (FiO2) (P/F ratio), is currently used to assess the 
severity of respiratory failure in patients with ARDS and 
correlates with mortality.[2,4,5] The P/F ratio was 
recently proposed as a prognostic marker in COVID-19.[6]  
 
In one study from China with twenty cases of COVID-19, it 
was found that individuals with severe disease often 
presented with elevated serum ferritin levels, with 
statistically significant differences between the severe and 
mild categories.  
 
 

 
 
Whereas another study using records from a large New 
York City multi-hospital healthcare system showed 
poor performance of serum ferritin for mortality 
prediction.[7,8] 
 
Liver damage has been reported as a common manifestation, 
with impaired liver function tests (LFTs) ranging from 14 to 
75%. Previous studies have reported the prevalence of 
abnormal liver function parameters in patients with COVID-
19, especially alanine aminotransferase (ALT) (12.9-41.6%) 
and aspartate aminotransferase (AST) (18.2-66.9%). 
Furthermore, several studies have reported abnormal liver 
function parameters to be associated with clinical outcomes 
of patients with COVID-19, including longer hospitalization, 
higher risk for severe COVID-19, and death.[9,10]
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Kidneys are the main target organs of SARS-CoV-2, so 
damage to kidney function exacerbates damage to other 
organs. Older age, severe pneumonia, and pre-existing 
cardiovascular and kidney disease are potential risk 
factors for acute kidney failure in people with COVID-
19.[11]Several studies have been conducted to prove that 
kidney disease has a relationship with the risk of death in 
patients infected with COVID-19. Factors associated with 
kidney disease, especially acute kidney failure were 
analyzed in hospitalized patients to identify the potential 
high risk of developing this disease so that intensive care 
can be given promptly to reduce mortality. One of the 
studies that have been carried out is a retrospective 
observational study with the result that reduced kidney 
function (OR 1.74; 95% CI: 1.35, 2.24) has a significantly 
higher risk of death in patients with COVID-19.[12]  
 
In the current pandemic conditions, the focus of scientific 
efforts is to develop optimal therapeutic modalities to 
combat the virus, in addition to this, research is expected 
to predict disease progression, and to identify high-risk 
patients in the early stages of infection. This can optimize 
management objectives, and address the shortage of 
medical and material resources, especially evident amid 
this global emergency.[13,14] Based on this, the authors 
wanted to analyze a study of comorbid diseases, reduced 
PaO2/FiO2 ratios, increased ferritin levels, and decreased 
liver and kidney function as risk factors for mortality in 
COVID-19 patients to improve patient outcomes with 
COVID-19. 
 
METHOD 
This research is an analytic observational study with a 
match case-control design. This research started with 2 
groups of research subjects according to the dependent 
variable category. The case group was COVID-19 patients 
who were discharged from the hospital dead, while the 
control group was COVID-19 patients who were discharged 
from the hospital alive.  

The independent variables were then traced to each group 
at the time of first hospital admission with COVID-19. The 
research sample was COVID-19 patients who died or 
recovered and were treated in the isolation room at Prof. 
Hospital. Dr. IGNG Ngoerah Hospital for the period January 
2021 to December 2021 which meets the inclusion criteria. 
The selection of case samples was carried out through 
random sampling until the number of samples was fulfilled 
while the selection of control samples was carried out by 
purposive sampling. 
 
Inclusion criteria namely COVID-19 patients aged 18 years 
or older and patients confirmed positive for PCR SARS-
CoV-2 who are being treated in the isolation room of Prof. 
Dr. IGNG Ngoerah Hospital who died/recovered while 
leaving the hospital. Exclusion criteria: 1) Incomplete 
medical records, 2) COVID-19 patients with blood 
disorders such as leukemia, blood clotting disorders, and 
iron deficiency anemia, 3) Patients with chronic liver 
disease and stage 4 and 5 kidney disorders. Univariate 
analysis was performed, then continued with bivariate 
analysis using the chi-squared test, and multivariate 
analysis using binary logistic regression analysis. Drawing 
conclusions based on the 95% confidence interval and the 
P value at the α limit of 0.05. The whole process of data 
analysis above uses the help of SPSS 25 statistical software. 
 
RESULTS 
This research was conducted from July 2022 to December 
2022, using a sample of 220 subjects consisting of 110 
subjects who were COVID-19 patients who died (cases) 
and 110 subjects who died (controls). The patient met the 
predefined inclusion and exclusion criteria. To reduce 
research bias, there are 2 controlled variables, namely age, 
and gender. The characteristics of the data are obtained in 
Table 1. 
 
 

 
TABLE 1: Characteristics of the research sample. 

 

characteristics 
Case n(%) 

110 
control n(%) 

110 
p.s 

Age 
< 60 years 
≥60 years 

 
65 (59.1) 
45 (40.9) 

 
63 (57.3) 
47 (42.7) 

0.785 

Gender 
Man 
Woman 

 
71 (64.5) 
39 (35.5) 

 
71 (64.5) 
39 (35.5) 

1,000 

Comorbid 
Cardiovascular disease 
Kidney illness 
DM 
HT 
COPD 
Strokes 
Kidney disease, stroke 
DM, kidney disease 
DM, HT 
HT, Cardiovascular disease 
HT, kidney disease 
COPD, kidney disease 
DM, HT, kidney disease 

 
5 (4.5) 
7 (6) 
9 (8) 

6 (5,5) 
3 (3) 
3 (3) 
1 (1) 

2 (1,8) 
4 (3,6) 
2 (1,8) 
2 (1,8) 
2 (1,8) 
2 (1,8) 

 
2 (1,8) 
2 (1,8) 
7 (6) 

14 (13) 
1 (1) 

0 
0 
0 

5 (4.5) 
1 (1) 

0 
0 
0 

0.172 
 

Comorbid disease 
No comorbid disease 
1 comorbid disease 
>1 comorbid disease 

 
62 (56.4) 
33 (30) 

15 (13,6) 

 
78 (70.9) 
26 (23.6) 

6 (5,5) 

0.038 
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characteristics 
Case n(%) 

110 
control n(%) 

110 
p.s 

PaO2/FiO2 ratio 
Normal 
Decrease 

 
11 (10) 
99 (90) 

 
91 (82.7) 
19 (17,3) 

0.000 

Serum Ferritin level 
Normal 
Increase 

 
6 (5,5) 

104 (94.5) 

 
83 (75.5) 
27 (24.5) 

0.000 

Liver function 
Normal 
Decrease 

 
7 (6,4) 

103 (93.6) 

 
89 (80.9) 
21 (19,1) 

0.000 

Kidney function 
Normal 
Decrease 

1 (0.9) 
109 (99.1) 

102 (92.7) 
8 (7,3) 

0.000 

Comorbid disease variables were categorized into 3 categories, namely no comorbid disease, 1 comorbid disease, and more 
than 1 comorbid disease. The results of this analysis are listed in Table 2. 

 
TABLE 2: Relationship between comorbid disease with COVID-19 Patient Mortality. 

 

Variable 
COVID-19 Mortality 

p-value 
Die Life 

Comorbid 
disease 

More than 1 comorbid disease 15 (13.6%) 6 (5.5%) 

0.038 1 Comorbid Disease 33 (30%) 26 (23.6%) 

There are no comorbid diseases 62 (56.4%) 78 (70.9%) 

 
From the chi-square analysis, the value of p=0.038so that it can be concluded that there is a statistically significant 
relationship between comorbid diseases and mortality in COVID-19 patients. Results of bivariate analysis between 
PaO2/FiO2 ratio with COVID-19 Patient Mortality are listed in Table 3. 
 

TABLE 3: Relationship between PaO2/FiO2 ratio with COVID-19 Patient Mortality. 
 

Variable 
COVID-19 mortality 

OR CI 95% p-value 
Die Life 

Ratio 
PaO2/FiO2 

Decrease 99 (90%) 19 (17.3%) 
43,1 19,461-95,478 0.000 

Normal 11 (10%) 91 (82.7%) 

 
From the chi-square analysis, the value of p=0.000, it can 
be concluded that there is a statistically significant 
relationship between PaO2/FiO2 ratio with COVID-19 
Patient Mortality. In the odds ratio analysis, the results 
show that decreased PaO2/FiO2 ratio has risk43,1 times  
 

greater for the result dies than a normal PaO2/FiO2 ratio 
(95% CI19,461-95,478). 
 
The results of the analysis of the relationship between 
serum ferritin levels with COVID-19 Patient Mortality are 
listed in Table 4. 

 
TABLE 4: Relationship between serum Ferritin level with COVID-19 Patient Mortality. 

 

Variable 
COIVD-19 mortality 

OR CI 95% p-value 
Die Life 

Serum 
Ferritin level 

Increase 104 (94.5%) 27 (24.5%) 
53,3 21.014-135.110 0.000 

Normal 83 (75.5%) 83 (75.5%) 

From the chi-square analysis, the value of p=0.000 so can 
be concluded that there is a statistically significant 
relationship between serum ferritin level with the 
mortality of COVID-19 patients. In the odds ratio analysis, 
it was found that elevated serum ferritin levels had a 53.3  
 
 
 
 

times greater risk of death than patients with normal 
serum ferritin levels (95% CI).21.014-135.110). 
 
The relationship between decreased liver function and 
COVID-19 patient mortality is listed in Table 5. 
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TABLE 5: Relationship between Decreased Liver Function and Mortality of COVID-19 Patients. 
 

Variable 
COIVD-19 mortality 

OR CI 95% p-value 
Die Life 

Liver 
function 

Decrease 103 (93.6%) 21 (19.1%) 
62,4 25,323-153,567 0.000 

Normal 7 (6.4%) 89 (80.9%) 

From the chi-square analysis, the value of p=0.000so it can 
be concluded that there is a statistically significant 
relationship between a decreased liver function with 
mortality in COVID-19 patients. In the odds ratio analysis, 
the results showed that patients who experienced 
decreased liver function were at risk 62,4 times greater for  

the outcome of death when compared with patients with 
normal liver function (95% CI).25,323-153,567). 
 
The relationship between decreased kidney function and 
COVID-19 patient mortality is listed in Table 6. 

 
TABLE 6: Relationship between Decreased Kidney Function and Mortality of COVID-19 Patients. 

 

Variable 
COIVD-19 mortality 

OR CI 95% p-value 
Die Life 

Kidney 
Function 

Decrease 109 (99.1%) 8 (7.3%) 
1389,2 170.8-11307.2 0.000 

Normal 1 (0.9%) 102 (92.7%) 

From the chi-square analysis, the value of p=0.000so it can 
be concluded that there is a statistically significant 
relationship between decreased kidney function with 
COVID-19 patient mortality. In the odds ratio analysis, the 
results showed that patients who experienced decreased 
kidney function were at risk 1389,2 times greater for the 
outcome of death when compared with patients with 
normal renal function (95% CI).170.8-11307.2). 

The multivariate analysis aims to assess or prove the 
strong relationship between each independent variable as 
a risk factor for mortality in COVID-19 patients. The 
analysis used is binary logistic regression analysis with the 
enter method. The results of the multivariate analysis are 
presented in Table 7. 
 

 
TABLE 7: The results of multivariate analysis of binary logistic regression of comorbid disease variables,  

PaO2/FiO2 ratio, liver function and kidney function on the mortality of COVID-19 patients. 
 

Variable Exp (B) CI 95% p-value* 

Comorbid Diseases 28,968 1,371-612,133 0.031 

PaO2/FiO2 ratio 9,466 1.020-87.883 0.048 

Ferritin levels 36,698 2,485-541,86 0.009 

Liver function 39,385 2,617-592,831 0.008 

Kidney Function 722,447 33,356-15647,243 0.000 

Based on the results of multivariate analysis, it was found 
that comorbid diseases, PaO2/FiO2 Ratio, ferritin levels, 
liver function and kidney function, are predictors that are 
independently associated with mortality in COVID-19 
patients. 
 
The most dominant variable associated with death in 
COVID-19 patients is a decrease in kidney function with an 
OR value722,447(95% CI33,356-15647,243) means that 
patients with reduced kidney function have a risk of 722 
times experiencing death compared to patients with 
normal kidney function. 
 
DISCUSSION 
In this study, we found age-old COVID-19 patients≥60 
years old were 45 subjects in the case group and 47 
subjects in the control group, with the sexes being mostly 
male compared to female. The older a person is, the more 
susceptible they are to be infected with COVID-19. 
Although the exact mechanism is not yet clear, several 
hypotheses have been proposed namely; First, elderly 
patients may experience age-related dysfunction with 
decreased production of T and B lymphocytes where these 
T lymphocytes and B lymphocytes are an important 
component of the adaptive immune response to emerging 

infections so that elderly patients are vulnerable to 
infections including COVID-19 infection.[15] Secondly, 
older people may have an increased risk of exposure to 
COVID-19, this is related to problems with access to health 
services, and fewer opportunities to receive breathing 
apparatus due to limited resources[16]; Thirdly, elderly 
people usually have comorbid conditions that are related 
to disease severity and mortality in COVID-19.[8] A 
previous study in China identified that COVID-19 mostly 
infects elderly people because their immune system has 
been reduced as a result of the aging process and most of 
the elderly have multi-morbidities that make them more 
susceptible to COVID-19 infection.[17]In Indonesia, the 
percentage of elderly patients with COVID-19 is 15%, 
however, the mortality rate for elderly people in Indonesia 
with COVID-19 is the highest compared to other age 
groups.[18] 
 
Based on gender characteristics, it was found that in this 
study there were more males sex, namely, 71 people 
(64.5%) compared to women who died due to COVID-19 
infection, this previous research was conducted at Prof. Dr 
IGNG Ngoerah Denpasar, there were more males, namely 
63 people (70%) compared to 27 women (30%) in patients 
with a severe degree of COVID-19.[19] 
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A study in China also found that COVID-19 cases with a high 
fatality rate were more male in 653 samples (2.84%) 
compared to women who only accounted for 1.71% of 
cases.[20]  
 
The exact mechanism of why there are more deaths from 
COVID-19 in males is still unknown, several hypotheses 
have been proposed to explain the gender gap, namely; The 
X chromosome encodes the receptor for angiotensin-
converting enzyme 2 (ACE2), which is a mediator for the 
entry of SARS-CoV-2 into human cells.[21] Men and women 
have different immune responses to COVID-19 due to the 
presence of sex chromosomes (XY in males, XX in females), 
hormones (androgens, estrogens), and regulatory genes 
related to the immune system.[22]The X chromosome 
encodes the largest number of immunity-related genes in 
the human genome, because women carry two copies of the 
X chromosome, they may have greater resistance to viral 
pathogens, in addition, women have more estrogen 
receptors that protect the body and help the immune 
system, including T cells, B cells, macrophages, neutrophils, 
dendritic cells, and natural killer cells[23]Different 
socioeconomic behaviours and lifestyles such as smoking, 
alcohol consumption and personal hygiene may also play a 
role in gender differences in vulnerability to COVID-19 
infection.[24] 
 
In this study, the most common comorbid was 
hypertension in 20 samples (18.5%), and 21 (19.1%) 
samples had more than 1 comorbid. Statistically, there is a 
significant relationship between comorbid diseases and 
mortality in COVID-19 patients at Prof. Dr IGNG Ngoerah 
Hospital (p = 0.038). From the multivariate analysis, a 
history of comorbid illnesses was also consistently a 
predictor that was independently related to the mortality 
of COVID-19 patients. (p=0.031). This is to a study 
conducted by Khedr et al which stated that the number of 
comorbidities showed a significantly higher risk of 
becoming a more severe disease or even death compared 
to those who did not have comorbidities. In the sample 
with two comorbidities, OR 2.6 (95% CI. 1.4-4.7), whereas 
those with 3 or more comorbid OR 2,[25]Research at Prof. 
Dr IGNG Ngoerah Hospital in 2021 found that more severe 
COVID-19 patients had heart comorbidities (21% vs 6% ; 
p = 0.022) and kidney disease (17% vs 9% ; p = 0.037) 
compared to mild-moderate COVID-19.[19] 
 
Other studies also state that hypertension, diabetes, and 
cardiovascular disease are the most common 
comorbidities.[26]Studies have shown that diabetes can 
activate CD4+ cell differentiation with Th1 and Th2 cells and 
cause Th17 and Treg cell dysfunction, which impairs the 
balance of pro-inflammatory and anti-inflammatory and 
induces inflammatory cytokines. IL-2, IL-6 and TNF 
concentrationsαsignificantly higher in the diabetic group 
than in the non-diabetic group, also with a higher mortality 
rate.[20]which may be due to decreased pulmonary 
function, excessive immune inflammation and aggressive 
glycosylation. Diabetic-induced aggressive glycosylation is 
thought to be related to immunoglobulin dysfunction and 
leads to susceptibility to COVID-19 and impaired viral 
clearance.[27]  
  

Angiotensin II (Ang II), closely related to hypertension, 
is increased in patients with COVID-19 compared to 
healthy controls.[28]Ang II activates p44/42MAPK, 
p38MAPK, NF-κB and c-Jun pathway by increasing the 
expression of LOX-1 (such as ox-LDL receptor lectins), 
type 1 and type 2 Ang II receptors, which in turn 
increase the expression of proinflammatory genes, such 
as IL-6, IL-10 and TNF-α, and contribute to the severity 
of the cytokine storm.[29]  
 
 

Research by Guan et al states that patients with 
comorbidities have a more severe degree of severity than 
patients without comorbidities. In addition, the more 
comorbidities a patient has, the more severe the degree of 
COVID-19 will be and this will lead to a high mortality 
rate.[30]  
 
The mechanism of death is still being studied and of 
course, also depends on the type of comorbidity the 
patient has, but there have been several analyzes of the 
relationship between death and comorbidity, namely; the 
first, due to the invasion of SARS-CoV-2 into the central 
nervous system so that patients with severe degrees are 
more likely to develop neurological manifestations, 
especially acute cerebrovascular disease.[31] Second, the 
link between diabetes and COVID-19 may involve ACE2 
and dipeptidyl peptidase-4, two human proteins that are 
important in the biological pathways of both 
diseases.[32] Third, cardiovascular disease increases the 
risk of in-hospital death in COVID-19, which may be 
mediated by ACE2-dependent myocardial infection or 
high inflammatory burden that can induce vascular 
inflammation, myocarditis, and cardiac arrhythmias so 
overall, comorbidity may be related to severity. and 
death of COVID-19 patients.[33,34] 
 
Most of the samples that died in this study experienced a 
decrease in the ratio of PaO2/FiO2 by 99 samples (90%). 
This is to a study by the COVID-UPO Clinical Team and 
Sainaghi in Italy, which found a significantly lower P/F 
ratio in non-survivor patients compared to survivors (246 
[184-300] vs 126 [100-202], p< 0.001).[35] 
 
From the statistical analysis in this study, it was found that 
patients who experienced a decrease in the ratio of 
PaO2/FiO2 increased the risk of mortality by 43.1 times 
(95% CI 19.461-95.478; p <0.001). This is consistent with 
a study by Izcovich A, et al of 1887 patients showing an 
increase in mortality of 20.3% in patients with a low 
PaO2/FiO2 ratio (odd ratio 21.17, 95% CI 4.9-91.3).[36]An 
observational study by Feiner found that the PaO2/FiO2 

variable < 300 was a predictor for COVID-19 patients who 
had a high risk of mortality (OR: 3.437, 95% CI 1.38-
8.56).[37] 
 
By using the PaO2/FiO2 ratio we can estimate the degree of 
hypoxemia in COVID-19 patients, and the lower the ratio 
means the more severe the patient's condition. The study 
conducted by Sartini et al showed that the lower the 
PaO2/FiO2 ratio, the higher the need for CPAP use, 
mechanical ventilation, the mortality rate (p <0.001) and 
duration of hospitalization (p <0.02).[38]Other studies 
have also stated that the PaO2/FiO2 ratio is correlated with 
mortality, so the PaO2/FiO2 ratio is proposed as a 
prognostic marker in Covid-19.[4,6]  
 
In COVID-19, inflammation and edema in the alveoli are the 
main causes of hypoxemia in the early stages of the disease, 
so the P/F ratio is quite related to the severity of decreased 
diffusion which is characterized by hypoxemia and a 
decrease in the PaO2/FiO2 ratio. In the development of 
COVID-19 disease (consolidation phase), intrapulmonary 
shunt occurs and causes early arterial hypoxaemia which is 
mainly caused by ventilation/perfusion imbalance and 
persistent pulmonary blood flow to unventilated alveoli, and 
there can be a relative failure of pulmonary 
vasoconstriction. This can develop into a state of ARDS, 
where ARDS is an acute condition characterized by 
hypoxemic respiratory failure and the presence of bilateral 
pulmonary infiltrates on radiological examination.[39] 
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A total of 131 samples experienced increased levels of 
ferritin, and as many as 104 samples (94.5%) of these 
samples experienced death.  Deng et al (2021) stated that 
the amount of ferritin was significantly higher in the 
critical group compared to the moderate and severe 
groups. Notably, the high ferritin group was associated 
with a higher incidence of death, with an adjusted odds 
ratio of 104.97 [95% confidence interval (CI) 2.63–
4185.89; p = 0.013].[40]In this study, samples with 
increased ferritin levels had a 53.3 times greater risk of 
death compared to samples with normal ferritin levels 
(95% CI 21.014-135.110; p = 0.000. 
 
Active ferritin production can occur during inflammatory 
disease. Macrophages, which produce cytokines and are 
responsible for most of the immune cells in the lung 
parenchyma, may be responsible for serum ferritin 
secretion. In addition, ferritin synthesis can be induced by 
several inflammatory stimuli including cytokines, such as 
IL-6. High concentrations of IL-6 in COVID-19 patients 
have been correlated with disease severity. A complex 
feedback mechanism between ferritin and cytokines in the 
control of pro-inflammatory and anti-inflammatory 
mediators may exist because cytokines can induce the 
expression of ferritin, but ferritin can induce the 
expression of pro- and anti-inflammatory cytokines as 
well.[7,41,42] Ahmed et al (2021) found that out of 336 
patients who tested positive for COVID-19 during the 
duration of the study, there was a statistically significant 
difference in ferritin found in the two categories based on 
severity and mortality. Binary logistic regression showed 
ferritin to be an independent predictor of all-cause 
mortality supplemented by an AUC of 0.69 on ROC 
analysis.[43] 
 
Laboratory findings in patients with severe COVID-19 
show data consistent with a cytokine storm that involves 
elevated inflammatory markers, including ferritin and has 
been associated with a critical and life-threatening 
illness.[42,44,45] So it was concluded that serum ferritin 
concentration is a promising predictor of death in COVID-
19 cases. 
 
Most of the COVID-19 patients who died as many as 103 
samples (93.6%) had decreased liver function. From the 
statistical analysis, it was found that the risk of death 
increased by 62.4 times in samples with decreased liver 
function (95% CI, 25.323-153.567). This is to previous 
research data which states that patients with severe 
COVID-19 have a higher rate of liver dysfunction. In a study 
by Xu W, et al, an increase in AST was observed in eight 
(62%) of 13 patients in the intensive care unit (ICU) 
compared to seven (25%) of 28 patients who did not 
require ICU treatment.[9] Moreover, in a large cohort 
including 1099 patients from 552 hospitals in 31 provinces 
or municipalities, patients with more severe diseases had 
abnormal hepatic aminotransferase levels than patients 
with the non-severe disease.[46,47] 
 
Liver damage in patients with coronavirus infection may 
be directly caused by a viral infection of the liver cells. In 
addition, immune-mediated inflammation, such as 
cytokine storms and pneumonia-associated hypoxia, 
might also contribute to liver injury or even progress to 
liver failure in critically ill patients with COVID-19.[45] Xu 
et al (2021) found that patients with severe COVID-19 had 
significantly higher liver function parameters from 
baseline to 30 days after admission to the hospital than 
patients with non-severe symptoms. COX analysis revealed 
that ALT > 2 ULN (HR=7.0, p=0.011), AST > 2 ULN 
(HR=34.7, p <0.001), and TBIL > 2 ULN (HR=54.6, p 
<0.001) were associated with higher mortality.[9] 
 
 

COVID-19 cases that died, 109 samples (99.1%) 
experienced decreased kidney function. From the results 
of the analysis, patients with decreased kidney function 
have a risk of death 722 times higher than patients with 
normal kidney function. These results are similar to 
previous studies by Gabarre, et al where only 16 patients 
who survived had a history of comorbid kidney disorders, 
but in the non-surviving group, there were 109 patients 
with decreased kidney function. And from the results of 
their research, a significant association was found between 
the incidence of AKI and increased mortality.[28]  
 
The incidence of decreased kidney function in Covid-19 
patients is quite high, especially in critical cases, so AKI has 
been recognized as a common complication in Covid-19 
patients. Besides causing AKI, SARS-Cov-2 infection can also 
affect various pre-existing chronic kidney diseases (CKD), 
including hemodialysis (HD) patients and kidney 
transplants as well as various conditions related to CKD 
including hypertension.[48,49] The independent predictors 
of AKI in Covid-19 patients are old age, diabetes, 
hypertension, cardiovascular disease, use of mechanical 
ventilation, high levels of interleukin-6, and use of 
vasopressor drugs.[50,51]  
 
In infection with the Covid-19 virus, there are specific and 
non-specific mechanisms that cause AKI and will ultimately 
increase the risk of death. Specific mechanisms such as viral 
infection directly cause injury to the kidney through its 
receptor (ACE2), unbalanced activation of the Renin-
angiotensin-aldosterone system (RAAS) which causes 
glomerular dysfunction, inflammation, fibrosis and 
vasoconstriction as well as an increased in pro-
inflammatory cytokines elicited by a viral infection and 
microvascular thrombosis. While non-specific mechanisms 
include patients with AKI tend to be elderly patients and 
have more comorbid factors such as hypertension or DM, 
these factors cause kidney function to be easily impaired. In 
addition, other non-specific factors are patients with acute 
respiratory failure, nephrotoxic drugs, fluid restriction and 
unstable hemodynamics. Covid-19 patients with AKI have a 
high incidence of acute thrombotic events, especially venous 
thrombosis and pulmonary embolism. This event is a risk 
factor for death.[28] 
 
Multivariate analysis was performed to assess the effect of 
other confounding variables on the independent variables 
studied. Based on the analysis results (Table 7), it appears 
that comorbid disease, PaO2/FiO2 ratio, ferritin, liver 
function and kidney function are predictors that are 
independently associated with mortality in COVID-19 
patients. When further analysis was carried out using 
comorbid diseases hypertension, DM and COPD found a 
significant association with death in COVID-19 (p= 0.031). 
Subjects with comorbid hypertension, DM and COPD have a 
probability of experiencing mortality of 28,968 times when 
compared to subjects without comorbid diseases, range the 
probability in the population ranges from 11,371-612,133. 
Guan, et al (2020) found that comorbid COPD, DM and 
hypertension had a significant relationship with the 
mortality of COVID-19 patients with hazard ratios of 2.681, 
1.586 and 1.575 respectively (p-value 0.002, respectively). 
0.037 and 0.022).[30] 
 
Subjects with a decreased ratio of PaO2/FiO2 have the 
possibility of experiencing mortality9.466 times when 
compared to subjects with a normal PaO2/FiO2 ratio, with 
range probabilities in the population range between1.020-
87.883with p-values0.048. Subjects with increased serum 
ferritin levels have the possibility of experiencing 
mortality as much as 36.698 times when compared to 
subjects with normal serum ferritin levels, the range of 
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probabilities in the population ranges from 2.485-541.86 
with a p-value of 0.009. Subjects with decreased liver 
function have the possibility of experiencing 
mortality39,385times when compared to subjects with 
normal liver function, the range of probabilities in the 
population ranges from,617-592,831with a p-value of 
0.008 while decreased kidney function has the possibility 
of experiencing mortality722,447times when compared to 
subjects with normal kidney function, the range of 
probabilities in the population ranges from33,356-
15647,243with a p-value of 0.000. From the results of this 
multivariate analysis, it was found that the ratio of 
comorbid diseases, serum ferritin, PaO2/FiO2, liver 
function and kidney function were predictors that were 
independently related to the mortality of COVID-19 
patients. 
 
From this study, decreased kidney function is the most 
influential risk factor for mortality in COVID-19 patients. 
This is consistent with the multivariate analysis in the 
study of Chan L, et al that increased mortality is associated 
with the severity of the decline in kidney function 
(0R=6.62, 95% CI, 3.13-14.1, p-value <0.001). In patients 
with impaired renal function, electrolyte imbalance, 
metabolic acidosis, and hypervolemia can occur which 
contribute to the worsening of the patient's clinical 
condition. In addition, in patients with severe COVID-19 
infection, where there is respiratory failure and impaired 
heart function, kidney injury is also getting worse which 
can increase mortality.[52] 
 
This research has advantages namely; First, this study is 
the first study in Bali to examine comorbid diseases, 
reduced PaO2/FiO2 ratios, increased ferritin, decreased 
liver function and kidney function as risk factors for 
mortality in COVID-19 patients, so it is hoped that this can 
become the basis for further research on other risk factors 
that may be involved. increase mortality; Second, this 
study has controlled for 2 confounding factors, namely age 
and gender using randomization and matching techniques 
so that it can control research bias the weakness of this 
study are that there is no initial data on the kidney function 
of patients being treated so it cannot be determined 
whether the increase in kidney function in these patients 
due to progressive or comorbid patients. 
 
CONCLUSION 
The comorbid disease, decreased PaO2/FiO2 Ratio, 
elevated serum ferritin levels, decreased liver function 
and decreased kidney function is a risk factor for 
mortality in COVID-19 patients. 
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