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ARTICLE INFO ABSTRACT

Keywords: Background: COVID-19 is a pandemic that occurs in all parts of the world and can
COVID-19 cause worsening health conditions and even death. Several factors are suspected to
Mortality aggravate risk factors that can worse clinical conditions and cause death in COVID-
Risk factors 19 patients. Risk factors such as age, gender, and the presence or absence of chronic
Survival disease are often associated with increased mortality in COVID-19 patients. This

study aimed to determine the relationship between factors that affect the survival of
COVID-19 patients, such as age, gender, diabetes mellitus, hypertension, heart
disease, kidney disease, lung disease, smoking history, alcohol history, and obesity.
Methods: An analytical description study of 66 participants was conducted for
bivariate and multivariate analysis. Results: The results showed that aged more than
45 years(p=0,001; OR 6,111; 95% CI: 2.102-17.769), male (p=0,003; OR 5.417; 95%
CI: 1.862-15.756), diabetes mellitus (p=0,000; OR 36.000; 95% CI: 7.194-180.151),
heart disease (p=0,003; OR 9.286; 95% CI: 1.894-45.522), kidney disease (p=0,001;
OR 8.953; 95% CI: 2.192-33.686) dan lung disease (p=0,002; OR 7.632; 95% CI:
1.943-29.971), smoker (p=0,003; OR 4.846; 95% CI: 1.683-13.955), dan obesity
(p=0,005; OR 4.875; 95% CI: 1.600-14.855) influenced the patient's survival.
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disease, lung disease, smoking, alcoholism, and obesity influence the survival of
confirmed COVID-19 patients. Among these factors, the most influential is diabetes
mellitus.
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1. Introduction

The viral pandemic that is currently sweeping the
world has attracted a lot of attention due to the
increasing number of cases. The World Health
Organization (WHO) finally officially established
COVID-19 as the name of the disease caused by the
virus, which stands for coronavirus disease that was
discovered in 2019.! The worldwide mortality rate
due to COVID-19 until November 2020 exceeded 1.2
million with the highest number of deaths occurring
in the United States with 230,996 deaths.2 The
mortality rate of COVID-19 patients in Indonesia is

the highest in Asia and ranks 12th in the world with

a mortality rate of 0.34 per 100,000 population or 3.4
percent.3 Deaths due to COVID-19 in Indonesia are
still too high compared to the world average. Other
data states that positive confirmed cases of COVID-
19 in Indonesia reached 808,340 on January 8, 2021
with a death rate of 2.9%.4

Several factors are thought to be aggravating risk
factors that can worsen clinical conditions and cause
death in these COVID-19 patients. Risk factors such
as age, gender, and the presence or absence of
chronic diseases are often associated with increased

mortality in COVID-19 patients. Old age is considered
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to be more susceptible to infectious diseases and
there is a decrease in immunity as a result of
degenerative processes in the anatomy and
physiology of the body. In addition, in older people,
the lung lining is less elastic and the inflammatory
effects are more insidious, leading to organ damage.5
Higher chronic comorbidities in men, such as heart
disease, hypertension, lung disease and smoking, are
also associated with higher COVID-19 mortality rates
in men.® Comorbidities that can aggravate the clinical
manifestations of COVID-19 disease include
diabetes, geriatric-related diseases, autoimmune
diseases, kidney disease, heart disease,
hypertension, and pulmonary  disease or
pneumonia.4 The more comorbidities a COVID-19
patient has, the 6.5-fold higher risk of death
compared to those without comorbidities.3 Other risk
factors in the development of disease worsening until
death in COVID-19 patients are associated with
lifestyle factors such as smoking, physical activity,
obesity, and excessive alcohol intake.”

Dr. Mohammad Hoesin General Hospital
Palembang is a national referral center for the
Sumatra region, including a COVID-19 service and
referral center. According to medical record data from
Dr. Mohammad Hoesin General Hospital Palembang
in 2020, the number of COVID-19 isolation inpatients
who died with confirmed positive COVID-19 was 145
people. Data on the number of COVID-19 patients in
January 2021 obtained from 7 isolation inpatient
rooms in January were 207 people, with the number
of patients who died was 4 people. Meanwhile, in
February, the number of patients totaled 236 people
and 42 people died. Research on risk factors
associated with the cause of death of COVID-19
patients at Dr. Mohammad Hoesin General Hospital
Palembang has never been done. Based on this
consideration, the researcher will examine how the
analysis of the risk factors of age, gender, diabetes

mellitus, hypertension, heart disease, kidney disease,

lung disease, smoking history, alcohol history, and
obesity) that affect the survival of confirmed COVID-
19 patients.

2. Methods

The research conducted was descriptive analytic
research using a cross-sectional design with a
quantitative approach. Based on the calculation
results, the minimum sample required is 66 people.
The inclusion criteria in this study were patients
confirmed positive for COVID-19 during the period
March to August 2020, aged > 18 years, and recorded
in hospital medical records. Meanwhile, the exclusion
criteria are patients whose medical record data is
incomplete in filling. The sampling technique used
was non-probability with retrospective sampling.
Data analysis of this study included univariate
analysis, bivariate analysis, and multivariate

analysis with logistic regression.

3. Results
Univariate analysis

Univariate analysis in this study included
categorical variable analysis. Variable analysis
included age, gender, diabetes mellitus,
hypertension, heart disease, kidney disease, lung
disease, smoking history, alcohol history, and
obesity.

Based on the analysis in Table 1, it is known that
the number of patients aged = 46 years is 35 people
(53%) and 38 people (57.6%) are male. Patient
distribution based on comorbid diseases is known to
be 26 people (39.4%) suffering from diabetes mellitus,
31 people (47%) have hypertension, 15 people (22.7%)
suffer from heart disease, 19 people (28.8%) have
kidney disease, and as many as 18 people (27.3%)
suffer from Iung disease. Most patients were
smokers, 29 people (43.9%), alcohol drinkers were
only 9 people (13.6%), and most were not obese, 42
people (63.6%).
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Table 1. Distribution of Respondent Characteristics at Dr. Mohammad Hoesin General Hospital Palembang March -

August 2020 (n = 66).

Patient Characteristics Frequency(n) Percentage (%)

Age

> 46 years 35 53

< 46 years 21 47
Gender
Male 38 57,6
Female 28 42,4
Diabetes Mellitus
Yes 26 39,4
No 40 60,6
Hypertension
Yes 31 47
No 35 53
Heart Disease
Yes 15 22,7
No 51 77,3
Kidney Disease
Yes 19 28,8
No 47 71,2
Lung Disease
Yes 18 27,3
No 48 72,7
Smoker
Yes 29 43,9
No 37 56,1
Alcoholism
Yes 9 13,6
No 57 86,4
Obesity
Yes 24 36,4
No 42 63,6

TOTAL 66 100

Bivariate analysis

Bivariate analysis in this study was conducted to
explain whether there was a relationship between
each independent variable (age, gender, diabetes
mellitus, hypertension, heart disease, kidney disease,
lung disease, smoking history, alcohol history, and
obesity) on the dependent variable (patient survival).
The analysis test used is the chi square test with the
conditions of the chi square test fulfilled, namely the
form of the 2x2 contingency table and there are no
cells that have an expected frequency below five.

Table 2 shows that the survival of patients aged =

46 years is lower with a percentage of deaths of 71.4%

and has a significant relationship (p = 0.001; a =
0.05). In addition, male gender showed lower survival
with a mortality percentage of 68.4% and had a
significant relationship (p = 0.003; a = 0.05). Patients
with diabetes mellitus had a lower survival rate with
a mortality rate of 92.3% and a significant association
(p = 0.000; a = 0.05). In addition, the survival of
patients with hypertension had a mortality
percentage of 58.1% which was almost the same as
those without hypertension, namely 45.7%. The
statistical test results showed that there was no
relationship between hypertension and survival (p =
0.337; a = 0.05).
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Table 2. Analysis of the relationship between risk factors and patient survival confirmed COVID-19 March - August

2020 (N = 66).
Variables Group Survival p-value OR
No | Yes 95 % CI
n % n %
Age > 46 25 71,4 10 28,6 0,001* 6,111
Years
<46 9 29,0 22 71,0 2.102-17.769
Years
Gender Male 26 68,4 12 31,6 0,003* 5.417
Female 8 28,6 20 71,4 1.862-15.756
Diabetes Yes 24 92,3 2 7,7 0,000* 36.000
mellitus No 10 25 30 75 7.194-180.151
Hypertension Yes 18 58,1 13 41,9 0,337 1.644
No 16 45,7 19 54,3 0.620-4.360
Heart disease Yes 13 86,7 2 13,3 0,003* 9.286
No 21 41,2 30 58,8 1.894-45.522
Kidney disease Yes 16 84,2 3 15,8 0,001* 8.953
No 18 38,3 29 61,7 2.192-33.686
Lung disease Yes 15 83,3 3 16,7 0,002* 7.632
No 19 39,6 29 60,4 1.943-29.971
Smokers Yes 21 72,4 8 27,6 0,003* 4.846
No 13 35,1 24 64,9 1.683-13.955
Alcohol Yes 7 77,8 2 22,2 0,151 3.889
consumers No 27 47,4 30 52,6 0.743-20.356
Obesity Yes 18 75 6 25 0,005* 4.875
No 16 38,1 26 61,9 1.600-14.855

Table 2 also states that patients suffering from
heart disease have a lower survival with a percentage
of death of 86.7% and has a significant relationship
(p = 0.003; a =

concomitant kidney disease showed a lower survival

0.05). In addition, patients with

with a mortality percentage of 84.2% and had a
significant relationship (p = 0.001; a = 0.05). Patients
with concomitant pulmonary disease had a lower
survival rate with a mortality rate of 83.3% and a
significant association (p = 0.002; a = 0.05). In
addition, the survival of smoker patients had a
mortality percentage of 72.4% and had a significant
relationship (p 0.003; a = 0.05).

Table 2 shows that the survival of patients with a

history of alcohol was lower, with a mortality rate of

77.8%. The statistical test results showed that there
was no association between alcohol consumption and
survival (p = 0.151; a = 0.05). In addition, patients
with obesity showed a lower survival with a mortality
percentage of 75% and had a significant association
(p = 0.005; a = 0.05).

Multivariate analysis

Multivariate analysis in this study was used to
determine the most dominant factors in survival in
patients with confirmed COVID-19. In this study, the
multivariate analysis used is logistic regression

because the dependent variable is categorical.
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Table 3. Final logistic regression modeling of survival factors in COVID-19 confirmed patients.

Variables OR p value
(95% CI)
- Gender (0,0(1)(’)(3?)?855) 0,036
- oM (0,086(38?104) 0,001
" disease 00070010 | 004
- Lung disease (0,081(3?)?405) 0,011
- Smoking (0,08%(3?),7573) 0,017
Constant 412,151 0,001

Table 3 shows that the factor most associated with
survival in COVID-19 patients is diabetes mellitus
with a variable p-value of 0.001. Followed by the lung
disease variable with a p-value of 0.011, the smoker
variable with a p-value of 0.017, then the gender
variable with a p-value of 0.036 and finally the heart
disease variable with a p-value of 0.043. The risk of
death of COVID-19 patients in patients with diabetes
mellitus is 63.20%.

4. Discussion
Age

The results of this study are in line with research
in Mexico which aims to describe the main clinical
characteristics of COVID-19 and the contribution of
chronic comorbidities to COVID-19, the results show
that case fatality rates increase with age Thus, age is
one of the major independent risk factors for COVID-
19 patient mortality.8

Recent evidence suggests that while younger
subjects may be more susceptible to infection, lower
angiotensin converting enzyme-2 (ACE2) levels in
older patients may promote more severe clinical
behavior of COVID-19. Furthermore, patients with
more aggressive clinical behavior of COVID-19 are
more common in older age groups and may progress
to ARDS. In line with studies conducted in Italy,
ARDS was observed in the majority of patients (96.8%

of cases) dying in the hospital.? Notably, ARDS has
been found to be higher in the elderly as well as in
subjects with acute impairment of cardiac, hepatic
and renal function. Older adults are more likely to
become seriously ill from COVID-19. More than 80%
of COVID-19 deaths occur in people over 65 years old,
and more than 95% of COVID-19 deaths occur in

people over 45 years old.10

Gender

COVID-19 patients who died were more male than
female in 41 out of 47 countries with an overall
COVID-19 case fatality ratio approximately 2.4 times
higher in males.1! Male COVID-19 patients have
three times the risk of requiring intensive care unit
(ICU) admission (OR = 2.84; 95% CI = 2.06, 3.92) and
a higher likelihood of death (OR = 1.39; 95% CI =
1.31, 1.47) compared to females.12 In addition, a
study in Mexico that aimed to determine the survival
of COVID-19 patients with multicomorbid results
showed that patients without comorbidities, younger
people and women were more likely to survive.13

Research on COVID-19 patients in Wuhan City
using survival analysis, also found that the high risk
of death of severe COVID-19 patients was associated
with old age, male gender, and comorbidities.14 Sex
differences in the innate and adaptive immune

systems are thought to be the cause. In the adaptive
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immune system, women have higher numbers of
CD4+ T cells, more cytotoxic activity of strong CD8+
T cells, and increased immunoglobulin-producing B
cells compared to men and are thus presumed to
have better resistance.l> Women produce more type
1 interferon (IFN), a potent antiviral cytokine, at
receptor 7 that senses viral RNA than men which is
important for the initial response in COVID-19.16
Another biological factor can be attributed to
angiotensin-converting enzyme (ACE2)
concentrations where blood levels in men are higher
than women. ACE 2 facilitates SARS-CoV-2 virus
entry and human-to-human transmission and allows
the coronavirus to infect healthy cells. Estradiol may
affect the expression of ACE2 by favoring ACE2
located on chromosome X147 which may make it
susceptible to escape X inactivation in females thus

aiding a stronger immune system in females.17

Diabetes mellitus

COVID-19 patients with diabetes ranked as the
second largest number of comorbidities.!8.19 Data
obtained from the Indonesian COVID-19 Task Force
showed diabetes mellitus as the second most
common comorbid condition (35.6%) after
hypertension (49.9%). COVID-19 patients with
diabetes mellitus have a worse prognosis after
infection.20 The increased risk of death is 8.3 times
greater than those without diabetes mellitus.2! The
risk of additional length of stay and the possibility of
ICU treatment is also almost three times higher in
these patients.19

Research in Italy found that 36% of deaths in
COVID-19 patients were related to diabetes mellitus
previously suffered by the patient.9 The comorbidity
of diabetes mellitus in COVID-19 patients is allegedly
able to stimulate the occurrence of hyperglycemia
conditions in patients which can further modulate
immune and inflammatory responses, resulting in an
increase in disease severity and even the possibility

of death in these patients.2l1 Hyperglycemia

stimulates viral proliferation through the production
of mitochondrial oxygen species and activation of
hypoxia-induced factors.22 In addition, diabetes
mellitus causes a decrease in adaptive immunity by
inhibiting neutrophil chemotaxis, phagocytosis, and
killing of intracellular microbes. In the early stages of
the disease, abnormal values of cytokines, including
interleukin 6 (IL-6) in serum, are higher in severe
cases than in mild cases, which is reflected in the
laboratory features of COVID-19 patients with
diabetes. IL-6 is produced by macrophages and TH2
cells that fight infection and autoimmunity by
inducing B lymphocyte proliferation and promoting T
lymphocyte proliferation and activation.23
Inflammatory storms or cytokine storms due to
viral invasion lead to increased activation of the
monocyte macrophage system characterized by a
significant increase in serum ferritin often found in
diabetic patients which ultimately leads to rapid
COVID-19 damage.24 Excessive systemic
inflammatory response can lead to systemic
endothelial impairment (endotheliopathy) and
hypercoagulable state which increases the risk of
systemic macrotrombosis and microthrombosis. The
manifestation of macrotrombosis can be venous
thromboembolism (e.g. deep vein thrombosis and
pulmonary embolism) or arterial thromboembolism
(e.g. stroke). Microthrombosis plays a role in the

process of ARDS and multi-organ failure.25

Hypertension

The results of this study are in line with a UK
study aimed at examining the relationship between
preinfection blood pressure control and COVID-19
outcomes where no relationship was found between
blood pressure control and outcomes in COVID-19
patients. In that study, the primary outcome was
death within 28 days of COVID-19 diagnosis.
Multivariable logistic regression was used to examine
the association between blood pressure control and

outcomes. The results showed that out of 4277
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patients, 877 died within 28 days. Individuals with
uncontrolled stage 1 hypertension had lower odds of
COVID-19 death (odds ratio, 0.76 [95% CI, 0.62-
0.92]) compared to patients with well-controlled
hypertension.26 The absence of an association
between hypertension and the risk of death in
COVID-19 patients may be due to other risk factors,
such as end-organ damage or pre-existing
cardiovascular disease.2” This supports a poor
prognosis in COVID-19 patients, not because of
hypertension in patients but because of other disease

conditions that these patients have.

Heart disease

The results of this study are in line with a UK
study that aimed to provide a comprehensive review
of the clinical course of COVID-19, its comorbidities,
and mechanistic considerations for future therapies.
The results revealed that COVID-19 mainly affects
the lungs, causing interstitial pneumonitis and acute
respiratory distress syndrome (ARDS), also affecting
multiple organs, especially the cardiovascular
system. The risk of severe infection and death
increased with increasing age and male gender.
Mortality increases in association with comorbidities
of cardiovascular disease, diabetes, chronic lung
disease and cancer.28

Although the main target of SARS-CoV-2 is the
respiratory tract, cardiovascular mechanisms can be
involved in many other ways.22 SARS-CoV-2 infection
is developed by the activation of spike proteins by the
angiotensin-converting enzyme 2 (ACE2) receptor in
humans to trans-membrane protease serine-2
(TMPRSS2).30 Angiotensin-converting enzyme
catalyzes the regulation of angiotensin II (Ang II) and
therefore plays a key role in cardiorenal and
circulatory strain control. Overactivity of the renin-
angiotensin framework contributes to cardiovascular
damage. ACE2 is known to limit the movement of the
renin-angiotensin framework by converting Ang II

into the vasodilator Ang I-7. Furthermore, ACE2 can

adjust cardiac contractility, inhibit cardiovascular
Ang 1II levels, and support apoptotic qualities
triggered by direct hypoxia highlighting work for
ACE2 inferred peptides in cardiovascular capacity
guidelines.31

Renin-angiotensin overactivity is involved in the
pathophysiology of persistent cardiovascular
damage. Viral diseases can severely affect the
cardiovascular system, causing widespread harm
from severe coronary conditions, myocardial despair
triggering cardiovascular damage, or arrhythmias
and myocarditis/pericarditis.32  Patients  with
cardiovascular diseases including heart failure are
particularly defenseless against infectious diseases of
the upper and lower respiratory tract causing even

more serious harm to them.33

Kidney disease

These results are in line with research conducted
retrospectively on 419 COVID-19 patients with end
stage renal disease (ESRD) who were admitted to New
York hospitals in the period March 1 to May 27, 2020
where it was found that COVID-19 patients with
ESRD had a higher hospital mortality rate than
patients who did not have ESRD comorbidities
(81.7% vs 25.4%), OR 1.38, 95% CI 1.12-1.70).34
Patients with ESRD have a decreased immune system
and carry significant comorbid conditions that are
currently considered risk factors for COVID-19
severity, such as diabetes mellitus, heart disease,
and obesity.5

Those with kidney disease have a greater risk of
mortality compared to those without kidney
disease.35 In-hospital mortality rates for patients with
renal disorders are significantly higher, including
elevated baseline serum creatinine, elevated baseline
BUN, proteinuria, hematuria, and AKI (P < 0.001).36
Renal disease patients often have elevated creatinine
values. Elevated baseline serum creatinine indicates
higher leukocyte counts, lower lymphocyte and

platelet counts, coagulation pathway abnormalities,
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prolonged activated partial thromboplastin time and
higher D-dimer. In addition, the percentage of
patients with elevated procalcitonin, and aspartate
aminotransferase and lactose dehydrogenase levels
were also higher in patients with elevated baseline

serum creatinine.36

Lung disease

People living with lung diseases such as chronic
obstructive pulmonary disease (COPD), asthma,
pulmonary fibrosis and lung cancer are at greater
risk of serious illness if infected. The virus focuses its
attack on structures and tissues involved with the
respiratory system. The resulting complications not
only lead to severe pneumonia, but also ARDS (acute
respiratory distress syndrome) which prevents lung
tissue from getting enough oxygen. Lung diseases
that have a higher risk of COVID-19 complications
include asthma and chronic obstructive pulmonary
disease, which includes chronic bronchitis or
emphysema.

One lung disease that is a factor in increasing the
severity of COVID-19 is Chronic Obstructive
Pulmonary Disease (COPD). A study of 1590 COVID-
19 patients in China showed that COPD patients with
COVID-19 were 2,681 times more likely to worsen, be
admitted to the ICU or use mechanical ventilation,
and even die, which would be more aggravated if they
were older and also had a history of smoking (95% CI
1,424-5,048; p=0.002). In addition, 62.5% of severe
cases occurred in patients with a history of COPD
(compared to only 15.3% in non-severe cases) and
25% of patients who died were COPD patients
(compared to only 2.8% in survivors).37 Another study
found similar, if statistically weaker, differences in
COPD rates between ICU and non-ICU
hospitalizations (8.3% versus 1.0%; p=0.054), severe
and non-severe cases (4.8% versus 1.4%; p=0.026),
and between non-survivors and survivors (7% versus

1%; p=0.047).38

A receptor on the cell surface called Angiotensin
converting enzyme 2 (ACE2) on the body makes it
easier for SARS-CoV-2 to enter and adhere to cells.39
The strong binding affinity based on biochemical
interaction studies and crystal structure analysis
between the spike proteins (which are shaped like
spikes that stick to the surface) of the SARS-CoV
virus and human ACE2 will help the SARS-CoV virus
enter the host cell. The SARS-CoV-2 virus can
recognize the human ACE2 receptor more efficiently,
leading to a higher ability of SARS-CoV2 to transmit
from human to human (39). ACE2 expression in
COPD patients is significantly increased. In addition,
the blood flow in COPD patients contains less oxygen,
as well as COVID-19 patients when invading the
lungs. If COPD patients are infected with COVID 19,
they will be at greater risk of breathing difficulties

and more susceptible to pneumonia or lung failure.30

Smoking history

Smoking can increase the risk of negative health
effects, including severe illness and death, among
those infected with COVID-19, as well as lung
disease. A metanalysis study showed the risk of
COVID-19 disease severity doubled in patients who
smoked, experienced severe symptoms and were 2.5
times more likely to be admitted to the ICU, require
mechanical ventilation, or die compared to non-
smokers. (OR 1.98 95% CI).40 Smoking can increase
the ACE2 receptor, which has been recognized as the
"entry point" of the SARS-CoV-2 virus to various
organs. The effects of smoking on ACE 2 expression

may increase susceptibility to COVID-19.41

Alcohol consumption

This study is not in line with previous research
that aimed to explore the relationship between
alcohol consumption and the risk of SARS-CoV-2
infection and serious clinical outcomes in patients
with COVID-19. The study used a sample of 12,937
participants aged 50-83 years and showed that
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alcohol consumption was not associated with the risk
of SARS-CoV-2 infection, but frequent drinking
(HR=1.565, 95%CI 1.012-2.419; gq=.079), especially
heavy drinking (HR=2.071, 95%CI 1.235-3.472;
q=.054), was associated with a higher risk of death
(42).42

The discrepancy between the results of this study
and previous studies may be due to the insufficient
sample size with alcohol history (9 patients out of 66
patients), which is not representative of the sample
size. Acute and chronic alcohol abuse has an adverse
impact on innate and adaptive immune responses,
which may result in decreased resistance to severe
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) infections and promote the development of
COVID-19 disease.

Obesity

The results of this study are in line with a study
that aimed to describe the main clinical
characteristics of COVID-19 in the main social
security institutions in Mexico, as well as the
contribution of chronic comorbidities to COVID-19.
The results showed that case fatality increased in the
presence of obesity.® New data report more severe
symptoms and even a negative prognosis for obese
patients. A growing body of evidence links obesity to
COVID-19 and a number of mechanisms from
attenuation of immune system activity to chronic
inflammation are implicated. Lipid peroxidation
creates reactive lipid aldehydes which in patients
with metabolic disorders and COVID-19 will affect

their prognosis.43

5. Conclusion

The survival of COVID-19 confirmed patients is
influenced by age, gender, diabetes mellitus, heart
disease, kidney disease, lung disease, smokers,
alcohol consumption, and obesity. The limitation in
this study is that the research is retrospective so it is

a little difficult to identify confounding factors.
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