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Objectives: To assess the survival of COVID-19 patients
in Saudi Arabia and to investigate possible mortality
predictors.

Methods: This is a retrospective cohort study involving
248 patients with severe acute respiratory syndrome
coronavirus-2 who were admitted to the primary
COVID-19 referral hospital in Jeddah between March
and June of 2020. Socio-demographic characteristics,
comorbidities, laboratory investigations, management
protocols, complications, treatment options, and
mortality data were extracted from electronic medical
records. The time analysis began at the first signs of
illness thorough discharge or death.

Results: Our study showed that in-hospital complications
including heart failure followed by acute renal failure
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had the largest effect size on mortality (p<0.001). Elderly
patients and those with comorbid asthma had a higher
risk of death. Non-survivors presented more commonly
with shortness of breath and fever than survivors. High
D-Dimer level was a marginally significant indicator of
mortality in the studied population (p=0.05). We did
not find a significant benefit in relation to any treatment
option.

in-hospital
complications are important survival indicators in
hospitalized COVID-19 patients. The controllable co-
factors should be monitored and managed by healthcare
workers to reduce mortality rates in those hospitalized

with COVID-19.

Conclusion:  Age, asthma, some
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evere acute respiratory syndrome coronavirus 2

(SARS-CoV-2), which causes coronavirus disease
2019 (COVID-19), accounted for more than 4.1
million with 290,000 fatalities globally as of May
11th, 2020." World Health Organization (WHO)
has received reports of 781,168 confirmed cases of
COVID-19 from Saudi Arabia with 9,179 fatalities
as of June 17th, 2022.% This outbreak became a public
health crisis requiring international public health and
government involvement.

Coronavirusdisease-19varyinitsclinical presentation
from no symptoms to severe manifestations requiring
hospitalization. ~ Coronavirus  disease-19  clinical
manifestations are mostly defined by a cluster of flu-like
symptom (fever, cough, dyspnea, myalgia, exhaustion,
diarrhea, and smell/taste problems). Acute coronary
disease, acute respiratory distress syndrome, acute kidney
injury, and one or multiple organ failures or malfunction
are all common life-threatening complications of the
condition.” These serious consequences appear to be
exacerbated in COVID-19 individuals who are older
(>60 years old) or have one or more comorbidities.*
According to clinical research data, 58% of patients
with COVID-19 has underlying disorders such as
hypertension, diabetes, cardiovascular disease (CVD),
and chronic obstructive pulmonary disease.* Two recent
meta-analyses combined COVID-19 research data from
different countries elucidated that some demographic
characteristics (such as male gender and older age),
diabetes mellitus, hypertension, CVD, and malignancy
are linked to unfavorable outcomes.>® The case fatality
ratio varies across nations; currently, it ranges from
5.6% in Mexico to <0.1%.”

Some retrospective studies carried out in Saudi Arabia
examined the demographic and clinical characteristics of
COVID-19 patients and provided comparable results.®’
Approximately, 64% of COVID-19 non-survived
patients had multiple comorbidities.® Approximately
72% of COVID-19 patients required hospitalization,
and almost 5% received intensive care. The mortality
rate was estimated to be roughly 0.7%.” However,
this seems to be underestimated as clinical outcomes
including mortality could not fully assessed due to the
limited study period. Thus, a study with a longer study
period on a large-scale in the region is needed to provide
insight into mortality rate and predictions of death.

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug company.

916  Saudi Med ] 2022; Vol. 43 (8)  https://smj.org.sa

In Saudi Arabia, studies describing the clinical
characteristics of COVID-19 patients are limited by
small sample size.'®!" Additionally, regional data on
the predictors and risk factors of COVID-19 disease
severity and mortality have been insufficient and
limited with a short study period.” Elucidating risk
factors support disease detection and case management
and ultimately improve the survival. King Abdullah
Medical Complex was the main referral center to
treat COVID-19 patients in the city of Jeddah where
a wide range of populations (with different ethnicities
and nationalities) lives. This paper examined comorbid
conditions, laboratory investigations, course of the
disease, management protocols, and treatment options
in relation to mortality rates in patients afflicted with the
wide spreading COVID-19 disease who were admitted

to the primary referral center in Jeddah.

Methods. This  hospital-based  descriptive
retrospective  cohort  study  examined  clinical
characteristic and outcomes of COVID-19 cases
admitted to King Abdullah Medical Complex Center,
Jeddah, Saudi Arabia between March and June
2020. Patients aged 18-years and older with reverse-
transcriptase polymerase chain reaction (RT-PCR)-
confirmed COVID-19 admitted to the center were
included in the study. Patients with unavailable or
incomplete data (>5% of missing variables of interest)
were excluded. Ethical approval was obtained from the
Ethics Committee in the Ministry of Health (MOH),
Jeddah, Saudi Arabia. All patients’ information in this
study was anonymized for patient confidentiality. The
study was carried out in accordance with the Declaration
of Helsinki principles.

Demographic data, comorbid conditions, laboratory
investigations, disease course, management protocols,
and treatment options were extracted from electronic
medical records. The onset of disease was defined as
the time when the first symptom manifested. Clinical
outcomes were followed up to discharge from hospital
or death.

Statistical analysis. Using STATA software version
13.1 (StataCorp. 2013. Stata Statistical Software:
Release 13. College Station, TX: StataCorp LP),
a sample size was calculated. The sample size was
based on the proportion of diabetes comorbidity in 2
hospitalized COVID-19 groups: severe COVID-19
group (0.19) and non-severe COVID-19 group (0.11)."2
Considering a power of 80% and o-error of 0.05, the
calculated sample size was 140 participants. The sample
size was then increased to 250 to compensate for those
excluded charts that were unavailable or incomplete
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(>5% of missing variables of interest). Sample sizes
calculated according to the proportions of hypertension
and CVD with severe COVID-19 were smaller than
250 participants.'>'? Furthermore, on the basis of a
previous investigation that assessed the proportion of
hypertension and other cardiovascular comorbidities
among deceased COVID-19 patients against recovered
patients, the estimated sample size was smaller than the
target sample size.'* In addition, we used log-rank test
comparing 2 survival rates with alpha error of 0.05,
power of 0.8, and hazard ratios that were based on
multiple studies which explored the effect of multiple
comorbidities on mortality.'>!” This yielded a sample
size of less than 250.

Using a systematic random sampling approach,
the population size was divided by the desired sample
size. A random patient’s chart was selected based on a
random number generator after which every fourth file
was selected.

A standardized data collection form from the WHO/
International Severe Acute Respiratory and Emerging
Infection Consortium case record form for COVID-19
was used a data source. The form was composed of 3
modules: i) presentation/admission case report form,
ii) daily case report form, and iii) outcome case report
form.

Data were exported from an Excel sheet into the
STATA software, version 13 for analysis. Descriptive
data was presented by mean and standard deviation
for normally distributed continuous variables, and
frequencies and percentages for categorical variables.
The normal level of each laboratory investigations
was defined: hemoglobin for males 14.0-18.0 g/
dL and for females 12.0-16.0 g/dL, white blood
counts (WBCs) 3.5-12.0x109/L, platelets (x10"9/L)
150-400, activate partial thromboplastin time (aPTT)
25-40 sec, partial thromboplastin time (PT) 0.9-1.1
sec, international normalized ratio (INR) 0.9-1.1,
glucose 3.9-6.1 mmol/L, D-Dimer <0.5 mg/L, ferritin
20-200 ng/mL, hemoglobin A1C 4.0-6.4%.

Bivariate analysis for the association between
the dependent variable (time-to-death) and other
independent variables was carried out using log-rank
test to determine the difference between proportions
for normally distributed variables. Kaplan—Meir
survival curves were plotted to graph the bivariate
association between the dependent variable (time-to-
death) and explanatory variables. A Cox proportional
hazard regression model was constructed to identify
the independent predictors of time-to-death among
the study participants. We used a stepwise technique
and included all variables which showed statistical

significance with time-to-death in bivariate analysis.
We used an entry p-value of 0.10 and a removal p-value
of 0.101 for variable selection. Statistical significance
was determined at p-value of <0.05 with the 2-tail
probability.

Results. Of 248 participants enrolled in study,
most were male (76%), most were non-Saudi (63%),
and most were of Arab origin. Approximately half
were more than 50 years of age and 12 were healthcare
workers. Nearly one-third (35%) had history of diabetes
(either type I or type II), 30% had hypertension,
and 10% had chronic cardiac disease. In total, 34%
of the participants used diabetic medications (oral
hypoglycemics or insulin), nearly one-third (29%) used
medications for hypertension, and fewer than 5% used
steroids, antibiotics, or anticoagulants before admission.
The most prevalent symptoms at presentation were
fever (68%) and shortness of breath (54%). Table 1
demonstrates baseline vital signs of the study subjects.

Mean (SD) hemoglobin level was 12.8 (2.3) g/dL,
with three-quarters (75%) of the participants had normal
hemoglobinlevels. Mostpatients (95%) had leukocytosis.
More than two-thirds (72%) of the group presented
with normal platelet levels, yielding a group mean
(SD) platelet count of 245.7 (94.8) x10"9/L. Levels of
coagulation factors (aPTT and PT) were largely normal;
however, the majority of study subjects had high levels
of INR (56%) and D-Dimer (79%), with mean (SD)
of 1.1 (0.2) for INR and 3.8 (10.5) for D-Dimer
parameter. Kidney and liver function tests were also
largely normal at baseline. Finally, only one-third (34%)
of the participants presented with normal glucose levels,
whereas over twice as many (83%) presented with
elevated levels of hemoglobin A1C.

This study explored in-hospital management
protocols and medications used during the course
of illness. A total of 89 (36%) participants required
intensive care unit (ICU) admission. Few required non-
invasive (47;19%) or invasive ventilation (36; 15%),
tracheostomy (15; 6%), or renal replacement therapy
(7; 3%). The most common hospital-administered
medications were broad-spectrum antibiotics (60%)
and heparin (44%). Others were chloroquine (33%)
and antiviral agents including Ribavirin (10%) and
Lopinavir-Ritonavir (23%).

Kaplan-Meier survival curves show that median
survival was 21 days over a 30-day follow-up period.
Survival was worse among those aged more than 50
years compared to the remainder of the participants.
The older group experienced more events and showed
shorter survival times (p=0.03; Figure 1A). Table 2
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Table 1 - Socio-demographic characteristics, chronic medical illnesses,
home medications, presenting coronavirus disease symptoms,

and baseline vital signs of the study subjects (N=248).

Variable n %
Age,mean +SD (range)* 49.38 £15.46 (18 — 93)
Gender
Female 60 24.2
Male 188 75.8
Nationality
Non-Saudi 155 62.5
Saudi 93 37.5
Ethnicity
Arab 138 55.7
East Asian and Southeast Asian 17 6.9
South Asian 73 29.4
Black 16 6.5
White 4 1.6
Employment status
Hhealthcare worker 12 4.8
Others 236 95.2
Body mass index, mean +SD (range)* 29.2 +6.42 (18.4-52.0)
Obesity
No 221 89.1
Yes 27 10.9
Home medications
Anti-hypertensive drugs 72 29.0
Antibiotics “before admission” 10 4.0
Anticoagulants 6 2.4
Steroids’ 4 1.6
thpoglycerrTic drugs (oral 9 16.9
ypoglycemics)
Hypoglycemic drugs (insulin) 43 17.3
Chronic medical illnesses
Chronic cardiac disease 24 9.7
Hypertension 74 29.8
Diabetes mellitus type I 17 6.9
Diabetes mellitus type II 69 27.8
Asthma 6 2.4
Renal diseases 9 3.6
Hepatic diseases 2 0.8
Neurological disorders 5 2.0
Malignancy 1 0.4

*The variable has missing data. SD: standard deviation

shows how comorbid chronic diseases and COVID-19
symptoms were related with survival outcome. Chronic
cardiac disease (p=0.002) and (p=0.03) asthma were
significantly related to mortality. The presence of
fever (p=0.03) and shortness of breath (p=0.007) were
significantly related to mortality.

Table 3 shows how survival was related to complete
blood counts and coagulation factors. Low hemoglobin
(»=0.01) and elevated D-Dimer (p=0.002) levels were
significant predictors of death. All those with normal
D-Dimer levels survived, but among those with elevated
levels, the mortality rate was high.
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Table 1 - Socio-demographic characteristics, chronic medical illnesses,
home medications, initial coronavirus disease symptoms,
and baseline vital signs of the study subjects (N=248)

(continuation).

Variable n %

Presenting COVID-19 symptoms
Fever 168 67.7
Cough 52 31.1
Sore throat 30 12.1
Shortness of breath 135 54.4
Chest pain 16 6.5
Fatigue 9 3.6
Muscle ache 13 5.2
Runny nose 13 5.2
Wheeze 2 0.8
Low chest wall indrawing 2 0.8
Headache 25 10.1
Altered consciousness 4 1.6
Loss of smell sensation 11 4.4
Loss of taste sensation 12 4.8

Baseline vital signs mean +SD (range)

37.32 £ 0.75 (36-39.4)
20.65 +4.31(9-40)
92.71 £16.50 (39-153)
128.98 £16.87 (90-191)
73.99 +10.81(41-115)
95.02 + 6.91(20-100)

Temperature (Celsius)*
Respiratory rate*

Heart rate*

Systolic blood pressure*
Diastolic blood pressure*
Oxygen saturation (%)*

*The variable has missing data. SD: standard deviation

A remarkable relationship was found between
certain management protocols and death. The
probability of survival beyond 20 days among those
requiring invasive ventilation was approximately 60%
lower compared to those not requiring ventilation. The
group requiring tracheostomies had an 11-day median
survival compared to a 22-day median survival for those
not requiring tracheostomies. Those given chloroquine
had about a 5% lower probability of survival beyond
20 days compared to those not given chloroquine;
however, this was not statistically significant.

Table 4 shows that cardiovascular and respiratory
complications were also related to survival time. ICU
admission  (p<0.001), pneumothorax (p=0.000),
cardiac arrest (p<0.001), cardiac ischemia (p=0.01),
cerebrovascular stroke (p<0.001), and bacteremia
(p=0.01) were significant risk factors for death. Other
complications related to the risk of death were acute
renal failure and heart failure (p<0.001; Figures 1 E & F).

The Cox proportional hazard model revealed that
age, comorbid asthma, and acute renal failure and heart
failure, as in-hospital complications, were independent
predictors for death (Table 5). Those who were older
(aged more than 50 years) were 2.26 times more likely
to die than those who were younger after controlling for
asthma, acute renal failure, heart failure, hemoglobin,
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Figure 1 - Kaplan-Meier survival curve of significant predictors of mortality: A) age wise stratification; B) presence of comorbid asthma, C) normal versus
low hemoglobin level; D) D-dimer level-based stratification; E) presence of acute renal failure as a complication; F) presence of heart failure as
a complication. *Statistically significant at p<0.05. NA: not applicable, because of lack of event in the specified cohort at the 50th percentile.
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Table 2 - Distribution of survival status in relation to the demographics, chronic medical illnesses, and COVID-19
symptoms in the study population (N=248).

Survival Non-survi
Parameter wrvivas on-survivors Long rank test P-value
n % n %
Age
<50 years 111 89.5 13 10.5 .
50+ years 91 74.0 32 26.0 50 0.03
Gender
Female 48 80.0 12 20.0
Male 155 825 33 17.6 024 062
Chronic medical illnesses
Chronic cardiac disease
No 190 84.8 34 15.2 .
Yes 13 54.2 11 45.8 10.05 0.002
Hypertension
No 149 85.6 25 14.4
Yes 54 73.0 20 27.0 3.33 0.06
Diabetes mellitus
No 141 87.0 21 13.0
Type 1 8 47.1 9 52.9 4.87 0.08
Type II 54 78.3 15 21.7
Asthma
No 200 82.6 42 17.4 .
Yes 3 50.0 3 50.0 475 0.03
Renal disease
No 199 83.3 40 16.7
Yes 4 44.4 5 55.6 118 0.27
Hepatic disease
No 202 82.1 44 17.9
Yes 1 50.0 1 50.0 0.08 0.78
Neurological disorder
No 199 81.9 44 18.1
Yes 4 80.0 1 20.0 0.24 0.62
Malignancy
No 202 81.8 45 18.2
Yes 1 100.0 0 0.0 0.27 0.60
Presenting COVID-19 symptoms
Fever
No 75 93.8 5 6.3 .
Yes 128 76.2 40 23.8 449 0.03
Cough
No 94 81.7 21 18.3
Yes 41 78.9 11 21.2 0.24 0.62
Sore throat
No 176 80.7 42 19.3
Yes 27 90.0 3 10.0 0.01 0.94
Runny nose
No 191 81.3 44 18.7
Yes 12 92.3 1 7.7 0.57 045
Wheeze
No 201 81.7 45 18.3
Yes 2 100.0 0 0.0 0-81 0.36
Shortness of breath
No 102 90.3 11 9.7 .
Yes 101 74.8 34 25.2 7:35 0.007
Fatigue
No 195 81.6 44 18.4
Yes 8 88.9 1 11.1 0.03 0-85
Muscle ache
No 192 81.7 43 18.3
Yes 11 84.6 2 15.4 2.95 0.08

*Statistically significant at p<0.05.
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Table 3 - Distribution of survival status in relation to baseline blood work-ups in the study

individuals (N=248).

Survivals Non-survivors

Parameter N % N % Long rank test P-value
Hemoglobin

Normal 165 89.2 20 10.8 N

Low 38 60.3 25 39.7 049 0.01
White blood cells

Normal 12 92.3 1 7.7

Leukocytosis 188 81.0 44 19.0 117 0.28
Ferritin

Normal 33 97.1 1 2.9

High 48 61.5 30 38.5 282 0-09
Platelets

Low 36 80.0 9 20.0

Normal 142 80.7 34 19.3 2.54 0.28

High 21 91.3 2 8.7
aPTT

Low 13 92.9 1 7.1

Normal 102 77.3 30 22.7 3.83 0.14

High 7 33.3 14 66.7
PIT

Normal 88 81.5 20 18.5

High 33 56.9 25 43.1 2.26 0-13
INR

Low 18 78.3 5 21.7

Normal 39 76.5 12 23.5 0.31 0.85

High 65 69.9 28 30.1
D-Dimer

Normal 52 100.0 0 0.0 .

High 151 77.0 45 23.0 9.08 0.002
Glucose

Normal 51 86.4 8 13.6

High 82 70.1 35 29.9 192 0.16
Hemoglobin A1C

Normal 9 100.0 0 0.0

High 36 83.7 7 16.3 0.62 043

*Statistically significant at p<0.05. PTT: partial thromboplastin time, aPTT: activated
partial thromboplastin time, INR: international normalized ratio

and D-Dimer levels. Those with asthma had 3.87 times
increase in hazard of death than those without after
controlling for all other covariates. Also, those with
acute renal failure as a complication of COVID-19
were 4.75 times more likely to die compared to those
without renal failure after an adjustment for all other
variables was made. Those with heart failure as a
complication exhibited 50 times increase in the risk
of death compared to those without this complication
after controlling for all other variables. Patients with low
hemoglobin levels were 1.82 times more likely to die
compared to those with normal counts after controlling
for other variables; however, this was not statistically
significant (p=0.09). Subjects with elevated D-Dimer
levels were 1.01 times more likely to die compared to
those with normal D-Dimer levels after controlling

for age, asthma, acute renal failure, anemia, and heart
failure; this was marginally significant (p=0.05).

Discussion. A total of 248 patients were enrolled
in this study. This study aimed to explain the in-hospital
mortality among COVID-19 patients, using a survival
analysis approach, in relation to pre-existing factors and
factors existed at presentation or during hospitalization
at the primary COVID-19 referral center in Jeddah.
Among the 248 COVID-19 hospitalized patients, 203
(81.9%) were discharged to home and 45 (18.2%)
died in the hospital before the end of the study period.
Ccoronavirus disease 2019 infection can cause mild to
severe symptoms and death.

Coronavirus disease 2019 non-survivors in our
cohort were older than the survivors, which is consistent
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Table 4 - Distribution of survival status in relation to management protocol, complications, and treatment options in the

study participants (N=248)

Parameter Unit Survivals Non-survivors Long rank test P-value
n % n %
Management protocol
Intensive care unit admission No 158 99.4 1 0.6 .
Yes 45 506 44 494 32.25 <0.001
Non-invasive ventilation No 163 81.1 38 18.9
Yes 40 85.1 7 14.9 317 0.07
Invasive ventilation No 201 94.8 11 5.2 .
Yes 2 5.6 34 94.4 73:57 <0.001
Inserted tracheostomy No 202 86.7 31 13.3 .
16.11 <0.001
Yes 1 6.7 14 93.3
Renal replacement therapy No 200 83.0 41 17.0
Yes 3 42.9 4 57.1 0.17 0.67
Complications
Pneumothorax No 203 83.2 41 16.8 .
Yes 0 0.0 4 100.0 75 0.006
Pleural effusion No 197 82.8 41 17.2
Yes 6 60.0 4 40.0 113 0-28
Pulmonary embolism No 199 84.0 38 16.0
Yes 4 364 7 636 189 018
Cardiac arrest No 203 99.0 2 1.0 .
Yes 0 0.0 43 100.0 1213 <0.001
Cardiac ischemia No 202 83.5 40 16.5 .
Yes 1 16.7 5 83.3 631 0.01
Cardiac arrhythmia No 202 83.1 41 16.9
Yes 1 20.0 4 80.0 2.16 0.14
Heart failure No 203 83.5 40 16.5 N
Yes 0 0.0 5 10.0 67.48 <0.001
Cerebrovascular stroke No 203 83.5 40 16.5 .
Yes 0 0.0 5 100.0 12:09 <0.001
Liver dysfunction No 189 81.5 43 18.5
0.59 0.44
Yes 14 87.5 2 12.5
Acute renal failure No 203 85.3 35 14.7
22.97 <0.001"
Yes 0 0.0 10 100.0
Bacteremia No 202 83.5 40 16.5 .
Yes 1 16.7 5 83.3 593 0.01
Treatments
Ribavirin No 182 81.6 41 18.4
Yes 21 84.0 4 16.0 0.34 0.55
Lopinavir-Ritonavir No 159 83.3 32 16.8
Yes 44 77.2 13 22.8 0.15 0.69
Chloroquine No 129 79.1 34 20.9
Yes 198 81.5 45 18.5 338 0.06
Corticosteroids No 161 83.0 33 17.0
Yes 42 77.8 12 22.2 0-10 0.74
Heparin No 123 89.1 15 10.9
Yes 80 72.7 30 27.3 204 0-10

*Statistically significant at p<0.05.

with previous research.'®” Our cox-proportional hazard
model showed that older COVID-19 patients were
2.26 more likely to die compared to younger patients
after controlling for asthma, acute renal failure, anemia,
heart failure, and D-Dimer levels. Older adults are more
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prone than younger ones to have comorbid conditions
and severe COVID-19, requiring more medical
attention. In several studies, older age has been the most
important factor associated with hospitalization.??!
Additionally, age is one of the variables that can affect
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Table 5 - Cox proportional hazard model for the predictors of time-to-death among the hospitalized COVID-19 patients (N=248).

Variable HR 95% CI P-value aHR 95% CI P-value
Age — Ref: <50 years

50+ years 2.05 1.07 - 3.94 0.03 2.26 1.03-4.91 0.04
Asthma — Ref: No

Yes 3.43 1.04-11.29 0.04 3.87 1.09 - 13.75 0.04
Acute renal failure — Ref: No

Yes 4.86 2.35-10.06 <0.001" 4.75 2.10—10.74 <0.001"
Hemoglobin — Ref: Normal

Low 2.18 1.16 - 4.07 0.01" 1.82 0.89 - 3.69 0.09
Heart failure — Ref: No

Yes 31.37 8.56 - 114.97 <0.001" 50.12 11.95-210.20 <0.001"
D-Dimer — Ref: Normal

High 1.02 0.89 — 1.04 >0.05 1.01 0.99 - 1.03 0.05

“Statistically significant at p<0.05. HR: hazard ratio, aHR: adjusted hazard ratio, CI: confidence interval, Ref: reference

the severity and the prognosis of the disease; it was
shown that the elderly are more likely to be admitted
to ICUs and have a higher mortality rate in compared
to middle-aged patients. Lung anatomy changes,
changes in physiological function including decreased
lung reserve, decreased airway clearance, and decreased
function of the protective lung barrier are age-related
changes in the geriatric population.?? Elderly patients
and those with underlying diseases have a higher risk of
developing severe COVID-19 disease requiring intensive
care; this can be explained by the chronic inflammatory
response to the underlying disease causing unfavorable
effects on immunomodulation and metabolic stress that
potentially reduce the body’s ability to react to external
agents, such as COVID-19 virus.'®*

Diabetes mellitus and hypertension have a
somewhat positive association with COVID-19 and
death. Previous research found a significant relationship
between death and Covid-19 infection in patients who
have a medical history of diabetes mellites.” Multiple
pathophysiological processes potentially support the
link between DM and COVID-19 severity; however,
much of what we know is based on SARS-COV
infection rather than COVID-19. This association has
been linked to a weakened innate immune system caused
by chronic hyperglycemia, a pro-inflammatory state
defined by an incorrect and excessive cytokine response
and underlying pro-thrombotic hypercoagulability.***
The Centers for Disease Control and Prevention
(CDC) uses COVID-NET to conduct population-
based surveillance for laboratory-confirmed COVID-
19-associated hospitalizations in the US. According to
COVID-NET data, 89.3% of the admitted patients
with COVID-19 have underlying comorbid condition.
Obesity, hypertension, and diabetes mellitus were
among the most frequently reported comorbidities.?*

Systematic reviews and meta-analyses show that among
all patients in the collected studies, hypertension was
the prevalent underlying condition and its prevalence
(56.8%) in the non-survival group was significantly
higher than in survivors.**® A retrospective study
of inpatients in Wuhan found that among different
comorbidities, only hypertension has a positive
association with the severity of COVID-19 after
adjustment for age, gender, and smoking status.'

We found that underlying cardiac diseases had the
largest effect on COVID-19 mortality. This is consistent
with a previous study that showed those with CVD have
double the risk of mortality.?* Another study found that
91% of COVID-19 fatalities involved patients with a past
medical history of CVD.? In non-survival groups, both
myocardial injury and increased inflammation are more
prevalent. Compared to COVID-19 survivors, higher
troponin I levels are found to be present in non-survival
groups. Other studies found that ~12% of hospitalized
COVID-19 patients had underlying congenital heart
defects/CVD, which were also correlated with a 3.8-fold
increase in the odds of death.® Chronic kidney disease
appears to be one of the comorbidities that may affect
mortality rates in patients admitted with COVID-19
infection; however, we did not find a significant
association between mortality and history of chronic
kidney disease. According to Cheng et al,*® 14.4% of
those admitted to hospitals in China had high levels
of creatinine. In China, in-hospital deaths constituted
33.7% of those with elevated baseline serum creatinine;
this rate was substantially greater than of patients with
normal baseline serum creatinine (13.2%).%°

One of the comorbidities that increases the risk
of mortality in patients admitted to the hospital
with COVID-19 in Jeddah was asthma. In our cox-
proportional model, patients with COVID-19 who
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had been diagnosed with asthma were 3.87 times
more likely to die compared to their counterparts,
after accounting for all other variables in the model.
However, only 2.4% of our sample had asthma, which
is lower than the asthma prevalence rate in the Kingdom
of Saudi Arabia (3.5-27.5%).%! Santons et al** found
that patients who reported having asthma had a better
survival rate compared to others, and they hypothesized
that asthma may protect against severe COVID-19
infection. Another study carried out in Wuhan found
2 0.9% asthma prevalence rate in COVID-19 patients,
which is lower than the reported prevalence in the
adult population of Wuhan (6.4%). The researchers
hypothesized that the TH2 immune response in
asthmatic patients may counteract the inflammation
caused by SARS-CoV-2 infection.'” However, Further
research is needed to confirm this hypothesis.

Regarding the symptoms that patients have at
presentation, fever (67.7%) was the most frequent
clinical symptom followed by shortness of breath
(54.4%), cough (31.1%), and sore throat (12.1%).
Fever and shortness of breath, amongst all clinical
presentations, were related to mortality. Non-survivors
presented more commonly with shortness of breath
and fever than survivors. A group of researchers carried
out a study and found that the critical group had more
patients with fever and shortness of breath compared to
other groups.” Consistently, compared with survivors,
non-survivors presented more commonly with higher
respiratory rates, indicating that changes in vital signs
should be monitored more closely.'® However, another
study showed that clinical signs or symptoms, such as
fever, cough, sore throat, diarrhea, or vomiting, were
associated with a higher rate of survival and a lower
chance of mortality.*

Research shows that a higher level of blood urea
nitrogen, creatinine, albumin, bilirubin, alanine
transaminase, and aspartate transaminase are more
common in non-survival groups compared to survival
groups. Mortality was also related to low platelet counts
and elevated levels of D-dimer, indicating potential
coagulopathy in COVID-19 patients. In addition,
non-survival patients had a higher WBC count, lower
lymphocyte, and cluster of differentiation subtypes
(CD4+/CD8+) T-cell counts. Taken together, these
results indicate that initial laboratory evaluation
is important for risk stratification of COVID-19
patients.® Our results indicate that high D-Dimer levels
are somewhat associated with an increased risk of death.
Non-survival groups also present with elevated levels
of inflammatory markers, such as C-reactive protein

(CRP), interleukin-6 (IL-6), lactate dehydrogenase
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(LDH), and erythrocyte sedimentation rate (ESR).!>343>
These results will help healthcare workers to provide
special care for patients with abnormal baseline
laboratory results.

The management protocol is a good indicator of
severity and mortality for COVID-19 patients. In our
study, the proportion of patients admitted to the ICU
was 35.9%, patients who needed invasive ventilation
was 14.5%, and patients who needed an inserted
tracheostomy was 6%. Intensive care unit admission,
invasive ventilation, and inserted tracheostomy are
indicators for a high risk of death in COVID-19
inpatients. This result is consistent with previous
studies.””? Additionally, the treatments used during
hospitalization may affect the mortality or the severity of
the disease. However, in our study, the use of ribavirin,
lopinavir—ritonavir, chloroquine, corticosteroids, or
heparin did not provide any significant benefits in
terms of mortality. Cao B, et al’® carried out a large
randomized clinical trial to evaluate the efficacy and
safety of oral lopinavir—ritonavir in admitted patients
with COVID-19 infection, and their result showed
no obvious benefits from using lopinavir—ritonavir
compared to the standard-of-care.Consistently, Tian
et al® compared treatment options (antibiotics,
anticoagulation, corticosteroid, and oxygen therapy)
between critical and non critical patients, yet none of
the treatments was proven to be effective.?

COVID-19 infection affects multiple organs
in the body and can cause many complications in
severe cases. Based on our findings, the most frequent
complication was cardiac arrest (17.3%), followed
by liver dysfunction (6.5%), pulmonary embolism
(4.4%), pleural effusion (4.1%), and acute renal failure
(4%). Furthermore, pneumothorax, cardiac arrest,
cardiac ischemia, heart failure, cerebrovascular stroke,
acute renal failure, and bacteremia had a significant
association with death. However, only acute renal failure
and heart failure, amongst all in-hospital complications,
were independently associated with high mortality rate.
Previous studies have confirmed many COVID-19-
related complications such as cardiac arrest, liver and
kidney dysfunction, and cardiomyopathy.'***

Study limitations. First, we collected our data
from electronic medical records, which depend on
the treating doctor, so some comorbidities may be
underreported. Second, some blood tests were not
completed in all patients. Third, not all of the baseline
investigations were carried out on the date of admission,
which may affect the results. Fourth, some patients were
referred to our hospital from other centers, and previous
treatments the patients may had received might alter
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our endpoints. We did not have an access to other
centers laboratory investigations, and we considered
the investigations performed at our hospital as the
baseline investigations. Finally, the fact that there are
some missing values is major limitation in the current
study which is an inherent limitation for such charts
review-based studies.

In conclusion, the association of death from
COVID-19 with the presence of asthma and the old
age is evident. In-hospital deterioration in heart and
renal functions is linked to mortality. D-Dimer is a
considerable parameter for predicting the mortality.
This study did not show outcome differences in some
treatment options. Healthcare workers should take
special care of those with the aforementioned indicators
to improve the survival. Further research on a larger scale
and greater representation of hospitalized COVID-19

patients will be necessary.

Acknowledgment. 7he authors gratefully  acknowledge
WORDVICE (www.wordvice.com) for English language editing.

References

1. DongE, Du H, Gardner L. An interactive web-based dashboard
to track COVID-19 in real time. Lancet Infect Dis 2020; 20:
533-534.

2. World Health Organization. COVID-19 Dashboard. [Updated
2020; 2022 June 18]. Available from: https://covid19.who.int/
region/emro/country/sa

3. World Health Organizartion. Clinical management of severe
acute respiratory infection when novel coronavirus (nCoV)
infection is suspected, Interim guidance. [Updated 2020 March
13; accessed 2022 June 18]. Available from: https://apps.who.
int/iris/handle/10665/331446

4. Bajgain KT, Badal S, Bajgain BB, Santana M]. Prevalence of
comorbidities among individuals with COVID-19: A rapid
review of current literature. Am J Infect Control 2021; 49:
238-246.

5. Mesas AE, Cavero-Redondo I, Alvarez-Bueno C, Sarria Cabrera
MA, Maffei de Andrade S, Sequi-Dominguez I, et al. Predictors
of in-hospital COVID-19 mortality: A comprehensive
systematic review and meta-analysis exploring differences by
age, sex and health conditions. PLoS One 2020; 15: €0241742.

6. Tian W, Jiang W, Yao ], Nicholson CJ, Li RH, Sigurslid HH, et
al. Predictors of mortality in hospitalized COVID-19 patients:
A systematic review and meta-analysis. | Med Virol 2020; 92:
1875-1883.

7. Johns Hopkins Unioversity & Medicine Coronavirus Resource
Center. Mortality Analysis. [Updated 2022 July 23; 2022 June
18]. Available from: https://coronavirus.jhu.edu/data/mortality

8. Alsayer RM, Alsharif HM, Al Baadani AM, Kalam KA. Clinical
and epidemiological characteristics of COVID-19 mortality in
Saudi Arabia. Saudi Med ] 2021; 42: 1083-1094.

9. Alsofayan YM, Althunayyan SM, Khan AA, Hakawi AM, Assiri
AM. Clinical characteristics of COVID-19 in Saudi Arabia: A
national retrospective study. J Infect Public Health 2020; 13:
920-925.

10. Hakami A, Badedi M, Elsiddig M, Nadeem M, Altherwi N,
Rayani R, et al. Clinical Characteristics and Early Outcomes of
Hospitalized COVID-19 Patients with end-stage kidney disease
in Saudi Arabia. Int | Gen Med 2021; 14: 4837-4845.

11. Alghamdi S. Clinical characteristics and treatment outcomes
of severe (ICU) COVID-19 patients in Saudi Arabia: A single
centre study. Saudi Pharm J 20215 29: 1096-1101.

12. Li X, Xu S, Yu M, Wang K, Tao Y, Zhou Y, et al. Risk factors
for severity and mortality in adult COVID-19 inpatients in
Wuhan. J Allergy Clin Immunol 2020; 146: 110-118.

13. Guan WJ, Liang WH, Zhao Y, Liang HR, Chen ZS, Li YM,
et al. Comorbidity and its impact on 1590 patients with
COVID-19 in China: a nationwide analysis. Eur Respir ] 20205
55:2000547.

14. Chen'T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. Clinical
characteristics of 113 deceased patients with coronavirus disease
2019: retrospective study. BM] 20205 368: m1091.

15. Sousa GJB, Garces TS, Cestari VRE Floréncio RS, Moreira
TMM, Pereira MLD. Mortality and survival of COVID-19.
Epidemiol Infect 2020;148:e123.

16. ShiQ, ZhangX, Jiang E Zhang X, Hu N, Bimu C, et al. Clinical
characteristics and risk factors for mortality of COVID-19
patients with diabetes in Wuhan, China: a two-center,
retrospective study. Diabetes Care 2020; 43: 1382-1391.

17. Xu PP, Tian RH, Luo S, Zu ZY, Fan B, Wang XM, et al. Risk
factors for adverse clinical outcomes with COVID-19 in China:
a multicenter, retrospective, observational study. Zheranostics
2020; 10: 6372-6383.

18. Wang Y, Lu X, Li Y, Chen H, Chen T, Su N, et al. Clinical
Course and Outcomes of 344 Intensive Care Patients with
COVID-19. Am J Respir Crir Care Med 2020; 201: 1430-1434.

19. Salinas-Escudero G, Carrillo-Vega ME Granados-Garcia 'V,
Martinez-Valverde S, Toledano-Toledano F, Gardufio-Espinosa
J. A survival analysis of COVID-19 in the Mexican population.
BMC Public Health 2020; 20: 1616.

20. Byeon KH, Kim DW, Kim J, Choi BY, Choi B, Cho KD.
Factors affecting the survival of early COVID-19 patients in
South Korea: An observational study based on the Korean
National Health Insurance big data. Jnz J Infect Dis 2021; 105:
588-594.

21. Wu Z, McGoogan JM. Characteristics of and important lessons
from the coronavirus disease 2019 (COVID-19) Outbreak in
China: summary of a report of 72 314 cases from the Chinese
Center for Disease Control and Prevention. JAMA 2020; 323:
1239-1242.

22. Leung C. Risk factors for predicting mortality in elderly
patients with COVID-19: A review of clinical data in China.
Mech Ageing Dev 2020; 188: 111255.

23. Kumar A, Arora A, Sharma P, Anikhindi SA, Bansal N, Singla V,
et al. Is diabetes mellitus associated with mortality and severity
of COVID-19? A meta-analysis. Diabetes Metab Syndr 2020;
14: 535-545.

24. de Almeida-Pititto B, Dualib PM, Zajdenverg L, Dantas JR, de
Souza FD, Rodacki M, et al. Severity and mortality of COVID
19 in patients with diabetes, hypertension and cardiovascular
disease: a meta-analysis. Diabetol Metab Syndr 20205 12: 75.

25. Chan JW, Ng CK, Chan YH, Mok TY, Lee S, Chu SY, et
al. Short term outcome and risk factors for adverse clinical
outcomes in adults with severe acute respiratory syndrome

(SARS). Thorax 2003; 58: 686-689.

heeps://smj.org.sa  Saudi Med ] 2022; Vol. 43 (8) 925


http://www.smj.org.sa/index.php/smj/index
https://pubmed.ncbi.nlm.nih.gov/32087114/
https://pubmed.ncbi.nlm.nih.gov/32087114/
https://pubmed.ncbi.nlm.nih.gov/32087114/
https://covid19.who.int/region/emro/country/sa 
https://covid19.who.int/region/emro/country/sa 
https://covid19.who.int/region/emro/country/sa 
https://apps.who.int/iris/handle/10665/331446
https://apps.who.int/iris/handle/10665/331446
https://apps.who.int/iris/handle/10665/331446
https://apps.who.int/iris/handle/10665/331446
https://pubmed.ncbi.nlm.nih.gov/32659414/
https://pubmed.ncbi.nlm.nih.gov/32659414/
https://pubmed.ncbi.nlm.nih.gov/32659414/
https://pubmed.ncbi.nlm.nih.gov/32659414/
https://pubmed.ncbi.nlm.nih.gov/33141836/
https://pubmed.ncbi.nlm.nih.gov/33141836/
https://pubmed.ncbi.nlm.nih.gov/33141836/
https://pubmed.ncbi.nlm.nih.gov/33141836/
https://pubmed.ncbi.nlm.nih.gov/33141836/
https://pubmed.ncbi.nlm.nih.gov/32441789/
https://pubmed.ncbi.nlm.nih.gov/32441789/
https://pubmed.ncbi.nlm.nih.gov/32441789/
https://pubmed.ncbi.nlm.nih.gov/32441789/
https://pubmed.ncbi.nlm.nih.gov/34611003/
https://pubmed.ncbi.nlm.nih.gov/34611003/
https://pubmed.ncbi.nlm.nih.gov/34611003/
https://pubmed.ncbi.nlm.nih.gov/32534945/
https://pubmed.ncbi.nlm.nih.gov/32534945/
https://pubmed.ncbi.nlm.nih.gov/32534945/
https://pubmed.ncbi.nlm.nih.gov/32534945/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8406422/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8406422/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8406422/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8406422/
https://pubmed.ncbi.nlm.nih.gov/34366685/
https://pubmed.ncbi.nlm.nih.gov/34366685/
https://pubmed.ncbi.nlm.nih.gov/34366685/
https://pubmed.ncbi.nlm.nih.gov/32294485/
https://pubmed.ncbi.nlm.nih.gov/32294485/
https://pubmed.ncbi.nlm.nih.gov/32294485/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7098485/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7098485/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7098485/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7098485/
https://www.bmj.com/content/368/bmj.m1091
https://www.bmj.com/content/368/bmj.m1091
https://www.bmj.com/content/368/bmj.m1091
https://pubmed.ncbi.nlm.nih.gov/32409504/
https://pubmed.ncbi.nlm.nih.gov/32409504/
https://pubmed.ncbi.nlm.nih.gov/32409504/
https://pubmed.ncbi.nlm.nih.gov/32409504/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7255028/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7255028/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7255028/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7255028/
https://pubmed.ncbi.nlm.nih.gov/32267160/
https://pubmed.ncbi.nlm.nih.gov/32267160/
https://pubmed.ncbi.nlm.nih.gov/32267160/
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09721-2
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09721-2
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09721-2
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09721-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7908838/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7908838/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7908838/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7908838/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7908838/
https://jamanetwork.com/journals/jama/fullarticle/2762130%C2%A0
https://jamanetwork.com/journals/jama/fullarticle/2762130%C2%A0
https://jamanetwork.com/journals/jama/fullarticle/2762130%C2%A0
https://jamanetwork.com/journals/jama/fullarticle/2762130%C2%A0
https://jamanetwork.com/journals/jama/fullarticle/2762130%C2%A0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184979/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184979/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184979/
https://pubmed.ncbi.nlm.nih.gov/32408118/
https://pubmed.ncbi.nlm.nih.gov/32408118/
https://pubmed.ncbi.nlm.nih.gov/32408118/
https://pubmed.ncbi.nlm.nih.gov/32408118/
https://pubmed.ncbi.nlm.nih.gov/32874207/
https://pubmed.ncbi.nlm.nih.gov/32874207/
https://pubmed.ncbi.nlm.nih.gov/32874207/
https://pubmed.ncbi.nlm.nih.gov/32874207/
https://pubmed.ncbi.nlm.nih.gov/12885985/
https://pubmed.ncbi.nlm.nih.gov/12885985/
https://pubmed.ncbi.nlm.nih.gov/12885985/
https://pubmed.ncbi.nlm.nih.gov/12885985/

26.

27.

28.

29.

30.

926

Hospitalized COVID-19 patients in KSA ... AL-Ghamdi et al

Guan WJ, Liang WH, He JX, Zhong NS. Cardiovascular
comorbidity and its impact on patients with COVID-19. Eur
Respir ] 20205 55: 2001227.

Garg S, Kim L, Whitaker M, O’Halloran A, Cummings C,
Holstein R, et al. Hospitalization rates and characteristics of
patients hospitalized with laboratory-confirmed coronavirus
disease 2019-COVID-NET, 14 States, March 1-30, 2020.
MMWR Morb Mortal Whly Rep 2020; 69: 458-464.

Ful, Wang B, Yuan T, Chen X, AoY, Fitzpatrick T, et al. Clinical
characteristics of coronavirus disease 2019 (COVID-19) in
China: A systematic review and meta-analysis. J Infect 2020;
80: 656-665.

Sharif N, Ahmed SN, Opu RR, Tani MR, Dewan D, Daullah
MU, et al. Prevalence and impact of diabetes and cardiovascular
disease on clinical outcome among patients with COVID-19 in
Bangladesh. Diabetes Metab Syndr 2021; 15: 1009-1016.
Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, et al.
Kidney disease is associated with in-hospital death of patients
with COVID-19. Kidney Int 2020; 97: 829-838.

Saudi Med J 2022; Vol. 43 (8)  https://smj.org.sa

31.

32.

33.

34.

35.

36.

Mohamed Hussain S, Ayesha Farhana S, Mohammed Alnasser
S. Time Trends and Regional Variation in Prevalence of Asthma
and Associated Factors in Saudi Arabia: A Systematic Review
and Meta-Analysis. Biomed Res Int 2018; 2018: 8102527.
Santos MM, Lucena EE, Lima KC, Brito AA, Bay MB, Bonfada
D. Survival and predictors of deaths of patients hospitalised due
to COVID-19 from a retrospective and multicentre cohort
study in Brazil. Epidemiol Infect 2020; 148: ¢198.

Tian R, Wu W, Wang C, Pang H, Zhang Z, Xu H, et al. Clinical
characteristics and survival analysis in critical and non-critical
patients with COVID-19 in Wuhan, China: a single-center
retrospective case control study. Sci Rep 2020; 10: 17524.
Vrsalovic M, Visalovic Presecki A. Cardiac troponins predict
mortality in patients with COVID-19: A meta-analysis of
adjusted risk estimates. J Infect 2020; 81: €99-e100.

Lippi G, Lavie CJ, Sanchis-Gomar E Cardiac troponin I in
patients with coronavirus disease 2019 (COVID-19): Evidence
from a meta-analysis. Prog Cardiovasc Dis 20205 63: 390-391.
Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A trial of
Lopinavir-Ritonavir in adults hospitalized with severe covid-19.

N Engl ] Med 2020; 382: 1787-1799.


http://www.smj.org.sa/index.php/smj/index
https://pubmed.ncbi.nlm.nih.gov/32341104/
https://pubmed.ncbi.nlm.nih.gov/32341104/
https://pubmed.ncbi.nlm.nih.gov/32341104/
https://pubmed.ncbi.nlm.nih.gov/32298251/
https://pubmed.ncbi.nlm.nih.gov/32298251/
https://pubmed.ncbi.nlm.nih.gov/32298251/
https://pubmed.ncbi.nlm.nih.gov/32298251/
https://pubmed.ncbi.nlm.nih.gov/32298251/
https://pubmed.ncbi.nlm.nih.gov/32283155/
https://pubmed.ncbi.nlm.nih.gov/32283155/
https://pubmed.ncbi.nlm.nih.gov/32283155/
https://pubmed.ncbi.nlm.nih.gov/32283155/
https://pubmed.ncbi.nlm.nih.gov/33993046/
https://pubmed.ncbi.nlm.nih.gov/33993046/
https://pubmed.ncbi.nlm.nih.gov/33993046/
https://pubmed.ncbi.nlm.nih.gov/33993046/
https://pubmed.ncbi.nlm.nih.gov/32247631/
https://pubmed.ncbi.nlm.nih.gov/32247631/
https://pubmed.ncbi.nlm.nih.gov/32247631/
https://pubmed.ncbi.nlm.nih.gov/29951546/
https://pubmed.ncbi.nlm.nih.gov/29951546/
https://pubmed.ncbi.nlm.nih.gov/29951546/
https://pubmed.ncbi.nlm.nih.gov/29951546/
https://pubmed.ncbi.nlm.nih.gov/32892789/
https://pubmed.ncbi.nlm.nih.gov/32892789/
https://pubmed.ncbi.nlm.nih.gov/32892789/
https://pubmed.ncbi.nlm.nih.gov/32892789/
https://www.nature.com/articles/s41598-020-74465-3
https://www.nature.com/articles/s41598-020-74465-3
https://www.nature.com/articles/s41598-020-74465-3
https://www.nature.com/articles/s41598-020-74465-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7234948/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7234948/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7234948/
https://pubmed.ncbi.nlm.nih.gov/32169400/
https://pubmed.ncbi.nlm.nih.gov/32169400/
https://pubmed.ncbi.nlm.nih.gov/32169400/
https://pubmed.ncbi.nlm.nih.gov/32187464/
https://pubmed.ncbi.nlm.nih.gov/32187464/
https://pubmed.ncbi.nlm.nih.gov/32187464/

	Title
	Affiliation
	ABSTRACT
	Introduction
	Methods
	Results
	Discussion
	References
	Acknowledgment

