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ARTICLE INFO ABSTRACT
Article history: Background: The new coronavirus disease (COVID-19) has caused more than 1.8 million deaths, with
Received 8 February 2021 a fatality rate of 2.5% in more than 200 countries as of January 4, 2021. Analysis of COVID-19 clinical
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features can help predict disease severity and risk of mortality, early identification of high-risk patients,
Accepted 3 June 2021

and provide knowledge to inform clinical interventions.
Objective: The purpose of this study is to investigate the clinical characteristics and possible predictors
Keywords: associated with mortality in patients with COVID-19 admitted to King Fahad (KFH), Ohood, and Miqat
COVID-19 . . . . .
Coronavirus hospitals in Madina, Saudi Arabia.
Data analysis Methods: This retrospective observational study to investigate the clinical characteristic and possible
Clinical characteristics predictors associated with mortality for those 119 mild, moderate, or critically ill patients confirmed by
Saudi Arabia laboratory results to have COVID-19 who were admitted to three hospitals in Madina, Saudi Arabia, from
March 25, 2020, to July 30, 2020. Data were collected from December 1, 2020, to December 14, 2020.
Results: Of the 119 patients included in the study, the mean age was 54.2 (£15.7) years, with 78.2%
survivors and 21.8% non-survivors. The demographic analysis indicated that the likelihood of mortality
for patients in the older age group (i.e., >65 years) was five times higher than those in the younger age
group (OR=5.34,95% CI 1.71-16.68, p = 0.004). The results also indicated those patients who admitted to
the intensive care unit (ICU) was approximately seven times higher odds of mortality compare with those
who were not admitted (OR = 6.48, 95% CI 2.52-16.63, p < 0.001). In addition, six laboratory parameters
were positively associated with the odds of mortality: white blood cell count (OR=1.11,95% C1 1.02-1.21,
p = 0.018), neutrophil (OR = 1.11, 95% CI 1.02-1.22, p = 0.020), creatine kinase myocardial band (OR =
1.02, 95% CI 1.00-1.03, p = 0.030), C-reactive protein (OR = 1.01, 95% CI 1.00-1.01, p = 0.002), urea (OR =
1.06, 95% CI 1.01-1.11, p = 0.026), and lactate dehydrogenase (OR = 1.00, 95% CI 1.00-1.01, p = 0.020).
Conclusions: In this cohort, COVID-19 patients within the older age group (>65 years) admitted to the ICU
with increased C-reactive protein levels in particular, were associated with increased odds of mortality.
Further clinical observations are warranted to support these findings and enhance the mapping and
control of this pandemic.
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Introduction

The new coronavirus disease (COVID-19), which is caused by the
SARS-CoV-2 virus and originated in Wuhan, China in late December
2019, has spread worldwide since then and has resulted in more
than 85 million confirmed cases and more than 1.8 million deaths in
200 countries, as updated on January 4, 2021 [1,2]. Although there
are a high number of COVID-19 confirmed cases, the fatality rate of
COVID-19 (2.5%) is lower than that of other outbreaks, such as the
Middle East Respiratory Syndrome (MERS) CoV in 2012 (34.4%) and
SARS-CoV in 2003 (9.5%) [1,3,4]. In Saudi Arabia, the first confirmed
case of COVID-19 was reported on March 2, 2020 [5]. Since then,
the number of cases has exceeded 363,061, with more than 6246
reported as of January 4, 2021 [2].

The initial manifestations reported in patients with COVID-19
vary from mild to severe symptoms [1,6]. Fever, fatigue, dyspnea,
cough, anorexia, and sore throat are among the mild symptoms
[7,8]. An earlier retrospective study of 1099 COVID-19 confirmed
cases collected from 552 hospitals and 30 provinces in China found
that the highest percentage of patients had fever (87.9%) or a cough
(67.7%), and the lowest rate of patients had diarrhea and vomiting
(less than 5%) [9]. In some patients, the virus may lead to severe
complications such as pneumonia, sepsis, acute respiratory distress
syndrome (ARDS), hyperinflammation, neurological symptoms, or
multi-system organ failure [5,10].

Several meta-analyses have been conducted to identify any sig-
nificant risk factors associated with severe COVID-19. The first
meta-analysis study was conducted by Figliozzi et al., 2020 [11]
to evaluate several risk factors associated with COVID-19 using
49 published studies. Their study revealed that advanced age,
male sex, cardiovascular disease, diabetes mellitus, hyperten-
sion, chronic obstructive pulmonary disease, acute organ injury,
increased levels of C-reactive protein (CRP) and D-dimer, and lym-
phocytopenia are associated with the highest odds of mortality
[11]. Another study used 19 published papers involving a total
of 1934 mild cases and 1644 severe cases of COVID-19 [2]. This
study identified more than 30 potential risk factors associated
with severe COVID-19. In addition to the risk factors identified
by Figliozzi et al., 2020 [11], the second meta-analysis study
found that severe COVID-19 cases are associated with lower levels
of hemoglobin, elevated levels of leukocytes, aspartate amino-
transferase, alanine aminotransferase, blood creatinine, blood urea
nitrogen, high-sensitivity troponin, creatine kinase, interleukin 6,
ferritin, lactate dehydrogenase, procalcitonin, and a higher ery-
throcyte sedimentation rate [12]. Additionally, factors affecting
morbidity and mortality in patients with COVID-19 have been stud-
ied and analyzed by several research teams in different countries
[5,13-19]. Old age, the presence of comorbidities such as hyperten-
sion, obesity, chronic pulmonary disease, diabetes mellitus, chronic
kidney disease, and malignancies were factors correlated with
severe cases [5]. For example, in a large study in England involv-
ing 23,698 individuals with COVID-19 who died in hospital, 7434
(31.4%) deaths occurred in patients with Type 2 diabetes (T2D) [20].
The earliest study in Saudi Arabia conducted on 1519 confirmed
cases of COVID-19 found that hypertension (8.8%) was the most
common comorbidity, followed by diabetes mellitus (7.6%). [21].
Additionally, the severity of this disease may be affected by factors
such as distinct demographic characteristics, comorbidities, and
immune system responses among diverse populations. Based on
the number of multivariate studies conducted in different countries
[5,13-19],itis evident that the significant predictors of mortality in
patients with COVID-19 are age, lymphocytes, D-dimer, C-reactive
protein, smoking, ARDS, acute kidney injury, estimated glomeru-
lar filtration rate (eGFR), and cardiovascular diseases (Table 1), and
odd ratios (OR) of these significant factors of mortality in COVID-

Journal of Infection and Public Health 14 (2021) 994-1000

Table 1

Predictors based on multivariate analysis of mortality in patients with COVID-19 in

different countries.

Predictors Study site Sample size
]éyml?hocytes . Mater DominiTeaching

ardiovascular diseases .
Interleukin-6 blood level Hospital, Catanzaro, 30
Blood sodium level Italy [17]
Age
eGFR
Renal dysfunction St Mary’s Hospital,
Frailty London, UK [16] 229
Raised troponin T
Increased creatinine
Lymphocytes
D-dimer Tongji Hospital,
C-reactive protein Wubhan, China [18] 77
Hypersensitive cardiac

troponin |
Smoking
ARDS
Acute kidney injury King Saud Medical City,
Respiratory failure Riyadh, Saudi Arabia 768
Obesity [13]
Diabetes mellitus
Septic shock
Lymphocytes
D-dimer
ARDS Jaber Al-Ahmad Al
Hypertension Sabah Hospital, Kuwait 103
Albumin [28]
Procalcitonin
Renal replacement therapy
Age
]S)r-;c:ll:i]rf; King Saud Medical City,

. Riyadh, Saudi Arabia 352

Decreased oxygen saturation (29]

SpO?/Fi0? ratio
Pulmonary embolism
Increased lactate
ffrilphoc vtes Wuhe'm Pulmonary .
[15]Cardiovascular diseases ﬂo;]pltal' Wuhan, China 179
hs-CTnl
Age
Cardiovascular diseases
C-reactive protein Nationwide cohort in
eGFR hospitals, Spain [19] 4035
Low age adjusted oxygen

saturation

Liver cirrhosis

*Text in bold indicates common predictors among some of the listed countries.

19 patients in these countries were compared using forest plot as

shown in Fig. 1.

Despite extensive research currently being conducted on this

subject, the clinical characteristics and outcomes of COVID-19
patients as a population have yet to be extensively studied in the
Gulf Cooperation Council (GCC) region and Saudi Arabia in partic-
ular. Thus, filling this gap by understanding the clinical features of
COVID-19 can help to map the disease, identify high-risk patients,
and guide future healthcare management. In this retrospective
observational study, our primary focus was to investigate the clin-
ical characteristics of COVID-19 and identify possible predictors
correlated with mortality to enhance mapping and control of this
pandemic.

Method

Data collection

Data were included 119 patients diagnosed with COVID-19 who
were admitted to one of three referral hospitals in Medina, Saudi
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Studies / Predicators

Abohamr, S.L, et al. (Riyadh, Saudi Arabia)

Journal of Infection and Public Health 14 (2021) 994-1000

OR (95% CI)

® Smoking — m 2,99 [2.07,4.32)
W Acute kidney injury — u 7.17[4.61,11.12]
 Respiratory Failure — m 9.27[5.86, 14.66]
m Obesity — W 3.73(2.51,5.55)
 Diabetes mellitus —_— ® 229[1.71,3.01)
w Sepic shock —_— m 26,71 [14.15, 50.42]

Alharthy, A., et al. (Riyadh, Saudi Arabia)
Age

D-dimer (> 21 pg/mL)

Smoking

ARDS

Decreased oxygen saturation SpO2/FiO2 ratio
Pulmonary embolism

Increased lactate

Ayed, M., et al. (Kuwait )

1.15[1.03, 1.21]
254(157,3.12)
3.00 [2.51, 3.66]
18.06 [11.97,27.25]
0.94[091,0.97)
2.91 (2,65, 3.36)
3.90 (2,40, 4.90)

Lymphocytes count (<500 cells/uL)

6.10[1.20, 29.80]

D-dimer (> 1.2 pg/mL)

ARDS

Hypertension

5.101.20, 21.60)
3.40(1.10, 10.80)
3.20(1.20,8.90)

Albumin (<22 g/L)
Procalcitonin (PCT) (> 0.2 ng/mL)
RRT

e

7.50 (2.10,26.20)
3.80(1.30,7.80)

> e > e >

Du, R.H,, et al. (Wuhan, China)

930 [2.40, 36.20]

Age (>= 65 years)

3.77(1.15,17.39)

Lymphocytes count (<=75 cells/uL)
Cardiovascular discases

3.98(1.13, 14.01]
2.46 [0.76, 8.04]

hs-CTnl (>= 0.05 ng/mL)
Lu, Y., et al. (Wuhan, China)

4.08[1.17,14.25)

® Lymphocytes count (<500 cells/uL)

= 9.19(1.19, 80.00)

B D-dimer (> 21 pg/mL)

24.14[1.62, 359.30]

® C-reactive protein (> 100 mg/L)

W 19.53 [3.07, 124.29]

® hs-CTnl (> 15.6 pg/ml)

o1

® 10.36[1.71, 63.04]

100 1000

Fig. 1. Forest plot showing the different predicators of mortality in patients with COVID-19 in different countries.

Arabia, from March 25, 2020, to July 30, 2020. Data were collected
from December 1, 2020, to December 14, 2020. This study was
approved by the Institutional Review Board at King Fahad Medical
City (IRB Log No. 20-160).

Study design and patients

This retrospective observational study to investigate the clini-
cal characteristic and possible predictors associated with mortality
for those 119 patients with confirmed COVID-19. The symptoms
of those patients were mild, moderate, or critical symptoms when
they admitted to King Fahad Hospital (KFH), Ohood Hospital, or
Miqat hospitals in Medina, Saudi Arabia between March 25, 2020
and July 30, 2020. Son et al., 2020 published a guideline on how to
classify COVID-19 cases based on disease severity and clinical out-
comes based on four categories: mild (asymptomatic), moderate,
severe, and critical cases [22,23]. The sample technique of this ret-
rospective observational study was the convenience sample, and
it was included only those 119 patients having complete labora-
tory results, as determined from patient records. Any patient who
did not have a complete laboratory results in their file record were
excluded. Data on the following variables were collected: age, sex,
nationality, number of days in the hospital, admission to ICU, kidney
disease, diabetes, and laboratory results (white blood cell count, red
blood cell count, neutrophils, lymphocytes, d-dimers, prothrom-
bin time, partial thromboplastin time, creatine kinase, creatine
kinase myocardial band, hemoglobin, C-reactive protein, aspartate
aminotransferase, glucose, alanine aminotransferase, urea, lactate
dehydrogenase, albumin, total protein, platelets, and international
normalized ratio (INR). The goal of this study was to investigate
any clinical characteristics and laboratory parameters that may be
predictors associated with mortality among admitted COVID-19
patients.

Statistical analysis

Categorical variables were described using frequencies and per-
centages. They were compared using chi-square tests. Continuous

variables are presented as mean values (+standard deviation (SD))
or median values based on the interquartile range (IQR). Com-
parisons were made using the t-test or Mann-Whitney U test
for continuous variables, as appropriate. Univariate and multivari-
ate logistic regression were used to investigate the association of
clinical characteristics and laboratory parameters with the odds
of death. The multivariate logistic model was determined using
a stepwise selection method. This method consists of a mixture
of forward and backward selection techniques. We started with
the forward selection technique, which added significant predic-
tors from the univariate logistic model one by one to the model.
After adding a predictor in each step, we checked all current pre-
dictors in the model, and any predictor that was not statistically
significant (p-value >0.05) was dropped from the model. The final
multivariate model included only statistically significant predic-
tors (p-value <0.05). The advantage of using the stepwise selection
method is that it allows examination of various models using dif-
ferent combinations of predictors. The Kaplan-Meier estimator of
survival probability was visually presented, while the log-rank test
was used to test for any significant difference in survival probabil-
ity between two different age groups of COVID-19 patients. All data
were analyzed using STATA 16.0 (College Station, TX, USA).

Results

A total of 119 COVID-19 patients were included in the analysis
with a mean age of 54.2 + 15.7 years; 80 (67.2%) were men. The
median length of a hospital stay was ten days (IQR: 0-19 days).
Of the 119 patients, 26 (21.8%) died. The main characteristics and
laboratory parameters of the 119 COVID-19 patients are presented
in Table 2, which indicates that non-survivor patients were older
than those in the survivor group (60.7 &+ 18.9 years vs. 52.5 + 14.4
years, p=0.015). Furthermore, non-survivors were more frequently
Saudi (50.0% vs. 24.7%, p = 0.013), were more frequently admitted
to the ICU (65.4% vs. 22.6%, p < 0.001), and experienced a longer
hospital stay (15 days vs. 8 days, p = 0.003).

The laboratory parameter results indicated that patients in the
non-survivor group had a higher statistically significant mean with
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Table 2
Main characteristics and laboratory parameters of COVID-19 patients who survived (n = 93) or did not survive (n = 26) in our study population.

Total patients (n=119) Non-survivors (n = 26, 21.8%) Survivors (n = 93, 78.2%) p-Value
Characteristics
Age (years) 542 +15.7 60.7 + 18.9 525+ 144 0.015*
Sex (male: n, %) 80 (67.2) 14 (53.9) 66 (71.0) 0.100
Nationality (non-Saudi: n, %) 83(69.8) 13 (50.0) 70(75.3) 0.013*
Hospital length of stay (days, IQR) 10(0-19) 15(9-21) 8(0-16) 0.003*
Admission to ICU (yes: n, %) 38(31.9) 17 (65.4) 21(22.6) <0.001*
Kidney disease (yes: n, %) 16 (13.5) 3(11.5) 13 (14.0) 0.747
Diabetes (yes: n, %) 35(29.4) 4(15.4) 31(33.3) 0.076
Laboratory parameters
White blood cell counts (cells/mm?, normal: 4-10) 10.1+£5.3 12.6 £ 6.2 94+49 0.003*
Red blood cell counts (cells/mm?, normal: 4.5-5.5) 41+0.8 3.6+1.0 42 +0.8 0.001*
Neutrophil (109/1, normal: 2-7) 74+54 10.0+£6.9 6.7 £ 4.7 0.014*
Lymphocytes (109/1, normal: 1.1-3.2) 16+14 1.8+£27 1.5+£0.7 0.069
D-dimers (mcg/mL, normal: 2-5) 121.4 £ 5513 33.5+48.2 1459 +£ 621.6 0.358
Prothrombin time (seconds, normal: 11-16) 13.9+22 142 +31 13.8+1.9 0914
Partial thromboplastin time (seconds, normal: 26-36) 35.8+£12.0 37.5+17.2 35.3+10.2 0.907
Creatine kinase (u/l, normal: 21-232) 330.8 £568.2 444.6 +534.8 298.9 +575.9 0.135
Creatine kinase myocardial band (mg/l, normal: 7-25) 29.8 +£28.1 42.3 +44.7 26.3 +£20.3 0.023*
Hemoglobin (g/dl, normal: 13-17) 11.2+24 99+24 11.5+£2.2 <0.001*
C-reactive protein (mg/l, normal: 1-10) 78.8 £ 80.4 125.8 £ 76.8 65.6 £ 76.7 <0.001"
Aspartate aminotransferase (/l, normal range 15-37) 70.5 £ 156.4 132.2 +£308.3 53.3 £ 64.6 0.184
Glucose (mmol/l, normal: 3.9-6.1) 103+ 6.6 10.7 + 8.8 103 +£5.9 0.320
Alanine aminotransferase (/l, normal: 30-65) 62.1 £184.5 136.3 £ 385.0 414+ 375 0.361
Urea (mmol/l, normal: 2.5-8.3) 10.0 £8.0 133 +£84 9.1+77 0.006*
Creatinine (mg/dl, normal: 44-115) 188.0 +£239.8 257.7 £274.7 168.5 +226.9 0.058
Lactate dehydrogenase, (u/l, normal: 100-190) 375.8 £415.6 612.2 + 828.5 309.7 £121.8 0.072
Albumin (g/1, normal: 30-50) 28.1+6.8 257 £8.2 28.8+6.2 0.068
Total protein (g/l, normal: 60-85) 66.2 + 8.7 63.0 £8.2 67.1 £8.7 0.054
Platelets (ml, normal: 150-410) 292.1 +£127.6 257.9 + 120.6 301.7 £ 128.5 0.129
International normalized ratio (normal: 0.9-1.4) 1.1+£0.2 1.1+£03 1.1+£0.2 0.935

 p <0.05, results were statistically significant.

respect to white blood cell (12.6 vs. 9.4, p = 0.003), neutrophil (10.0
vs. 6.7, p = 0.014), creatine kinase myocardial band (42.3 vs. 26.3, p
=0.023), C-reactive protein (12.8 vs. 65.6, p < 0.001), and urea levels
(compared to patients in the survivor group. However, the patients
in the non-survivor group had a lower statistically significant mean
for red blood cell count (3.6 vs. 4.2, p = 0.001) and hemoglobin
(9.9 vs. 11.5, p < 0.001) compared to those in the survivor group
(Table 2).

Table 3 shows the mortality odds ratios (ORs) for risk predic-
tors based on univariate logistic regression among patients with
COVID-19. Patients in the older age group (i.e., >65 years) had five
times higher odds of mortality compared to those in the younger
age group (i.e., <49 years) (OR=5.34,95% CI 1.71-16.68, p = 0.004).
Furthermore, non-Saudi patients had 77% lower odds of mortal-
ity compared to Saudi patients (OR = 0.33, 95% CI 0.13-0.81, p =
0.016). Additionally, the results indicated that those patients who
were admitted to the intensive care unit (ICU) had approximately
seven times higher odds of mortality compared to those who were
not admitted (OR = 6.48, 95% CI 2.52-16.63, p < 0.001). Laboratory
parameters were positively associated with the odd of mortality
were white blood cell count (OR=1.11,95%CI1.02—-1.21,p=0.018),
neutrophil (OR =1.11, 95% CI 1.02-1.22, p = 0.020), creatine kinase
myocardial band (OR=1.02,95% CI 1.00-1.03, p = 0.030), C-reactive
protein (OR = 1.01, 95% CI 1.00-1.01, p = 0.002), urea (OR = 1.06,
95% CI11.01-1.11, p = 0.026), and lactate dehydrogenase (OR = 1.00,
95% C11.00-1.01, p = 0.020) (Table 3). However, laboratory param-
eters were negatively associated with the odds of mortality were
red blood cell (OR = 0.41, 95% CI 0.23-0.76, p = 0.004), elevated
hemoglobin (OR = 0.71, 95% CI 0.57-0.89, p = 0.003), albumin (OR
=0.93, 95% CI1 0.87-0.99, p = 0.043), and total protein levels (OR =
0.94, 95% C1 0.89-0.99, p = 0.033) (Table 4).

Table 4 shows the adjusted odds ratios (aORs) for risk predic-
tors based on multivariate logistic regression for mortality among
patients with COVID-19. Patients in the older age group (>65 years),
admitted to the ICU, and exhibiting increased C-reactive protein

Survival probability

0 10 20 30 40 50 60 70 80
Length of stay in hospital (days)

I— <65 years —— 265 years [

Fig. 2. Kaplan-Meier survival curves for the two age groups (<65 years, >65 years)
based on the length of stay in the hospital for COVID-19 patients.

levels were positively associated with the odds of mortality (aOR =
5.20,95% CI 1.74-15.49, p = 0.003, aOR = 5.68, 95% CI 1.99-16.19, p
=0.001 and aOR = 1.01, 95% CI 1.00-1.02, p = 0.004, respectively).
Kaplan-Meier curves for the length of stay in the hospital that
was observed in the two age groups of this cohort of COVID-19
patients are illustrated in Fig. 2. The mean hospital stay was shorter
for patients aged 65 years or older compared to those who were
younger than 65 years (39 days vs. 49 days); however, this differ-
ence was not statistically significant (log-rank test, p = 0.173).

Discussion

This retrospective observational study aimed to investigate and
identify the dominant predictors and associated clinical charac-
teristics that increase the odds of mortality in COVID-19 patients.
Identifying the mortality predictors may help to provide appropri-
ate medical interventions and levels of care for COVID-19 patients
[16]. The main findings of our study are that the high associations
between various predictors, which are being older than 65 years,
being admitted to the ICU, and having high C-reactive protein levels,
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Table 3
Univariate logistic regression model mortality in patients with COVID-19.
OR (95% CI) p-Value

Characteristics
Age, years 1.04(1.01-1.07) 0.021*
Age group
0-49 years 1(reference)
5064 years 1.05(0.32-3.41) 0.932
>65 years 5.34(1.71-16.68) 0.004*
Sex (male vs. female) 0.48 (0.20-1.16) 0.104
Nationality (non-Saudi vs. Saudi) 0.33(0.13-0.81) 0.016*
Hospital length of stay 1.02 (1.00-1.05) 0.066
Admission to ICU (yes vs. no) 6.48 (2.52-16.63) <0.001*
Kidney (yes vs. no) 0.80 (0.21-3.06) 0.748
Diabetics (yes vs. no) 0.36 (0.12-1.15) 0.084
Laboratory parameters
White blood cell counts (cells/mm?, normal: 4-10) 1.11(1.02-1.21) 0.018*
Red blood cell counts (cells/mm?, normal: 4.5-5.5) 0.41(0.23-0.76) 0.004*
Neutrophil (10%/1, normal: 2-7) 1.11 (1.02-1.22) 0.020"
Lymphocytes (10°/1, normal: 1.1-3.2) 1.14 (0.86—-1.50) 0.368
D-dimers (mcg/mL, normal: 2-5) 1.00 (0.99-1.00) 0.463
Prothrombin time (second, normal: 11-16) 1.08 (0.90-1.31) 0.391
Partial thromboplastin time (second, normal: 26-36) 1.01 (0.98-1.05) 0.422
Creatine kinase (u/l, normal: 21-232) 1.00 (0.99-1.00) 0.266
Creatine kinase myocardial band (mg /I, normal: 7-25) 1.02 (1.00-1.03) 0.030"
Hemoglobin (g/dl, normal: 13-17) 0.71 (0.57-0.89) 0.003*
C-reactive protein (mg/l, normal: 1-10) 1.01 (1.00-1.01) 0.002*
Aspartate aminotransferase (/1, normal range 15-37) 1.00 (0.99-1.01) 0.103
Glucose (mmol/l, normal: 3.9-6.1) 1.01 (0.95-1.08) 0.766
Alanine aminotransferase (j/l, normal: 30-65) 1.00 (1.00-1.01) 0.117
Urea (mmol/l, normal: 2.5-8.3) 1.06 (1.01-1.11) 0.026*
Creatinine (mg/dl, normal: 44-115) 1.00 (0.99-1.00) 0.106
Lactate dehydrogenase, (u/l, normal: 100-190) 1.00(1.00-1.01) 0.020"
Albumin (g/1, normal: 30-50) 0.93(0.87-0.99) 0.043*
Total protein (g/l, normal: 60-85) 0.94 (0.89-0.99) 0.033*
Platelets (ml, normal: 150-410) 1.00 (0.99-1.00) 0.124
International normalized ratio (normal: 0.9-1.4) 1.76 (0.23-13.31) 0.583

 p <0.05, results were statistically significant.

Table 4
Multivariate logistic regression model mortality in patients with COVID-19.
aOR (95% CI) p-Value

Characteristics
Age group (=65 years vs. <65 years) 5.20(1.74-15.49) 0.003
Admission to ICU (yes vs. no) 5.68 (1.99-16.19) 0.001
Laboratory parameters
C-reactive protein (mg/l, normal: 1-10) 1.01 (1.00-1.02) 0.004

increased the odds of mortality in the non-survivor group com-
pared to other clinical characteristics based on multivariate logistic
regression analyses.

Several studies conducted in various regions have found dif-
ferent sets of factors that increased the odds of mortality among
COVID-19 patients [5,8,13,15-19,24]. Age was frequently consid-
ered a significant predictor of mortality in COVID-19 patients in the
majority of these studies [5,13,15,18]. Univariate and multivariate
logistic regression analyses conducted on all patients in our study
indicated that age (>65 years) is a strong predictor of mortality
in COVID-19 patients. This finding is consistent with many stud-
ies conducted in different countries [5,13,15,18]. An earlier study
involving 179 COVID-19 patients in Wuhan, China found that 17
(81%) of the deceased patients were older than 65, with an asso-
ciated OR of 3.765 [14]. In another study conducted in London on
229 patients, the mean age was 78 years among the deceased group
(75 patients) [16]. More extensive research was conducted in Spain,
where 1131 of 4035 patients died, and 85.6% of deaths occurred in
patients older than 65 [19]. A separate recent study conducted in
Saudi Arabia found that the time in ICU is a predictor of death with
an OR of 1.06 based on univariate analysis, which is close to the
OR of our study for any age (without subdividing age groups (OR =

1.04))[5]. However, our study’s ORs for patients older than 65 years
were 5.34 and 5.20 based on univariate and multivariate analysis,
respectively.

Additionally, the results indicated that patients admitted to the
ICU had approximately six to seven times higher risk of mortal-
ity based on the multivariate analysis compared with those who
were not admitted. This outcome is in agreement with a recent
study conducted in Wuhan, China, which found that 70% of patients
admitted to the ICU died [18]. This finding has also been supported
by Saudi research that revealed that ICU length of stay is among
eight significant predictors of mortality in COVID-19 patients based
on univariate logistic regression analysis [5]. The third significant
predictor of mortality based on multivariate logistic regression
analysis in our study was an increase in the C-reactive protein (CRP)
level. This finding is consistent with a larger study conducted in
Spain, which found that 990 of 1023 patients who died had elevated
CRP levels [19].

Moreover, a recent study conducted on 77 young COVID-
19 patients found that CRP levels are a significant predictor of
mortality in these patients based on multivariate analysis [18]. Fur-
thermore, it has been shown that increased CRP levels are linked
with the overproduction of inflammatory cytokines that play an
essential role in the severity of COVID-19 and can cause damage
to lung tissue, even in patients with non-severe symptoms [25,26].
Taken together, this suggests that CRP can be used as a helpful pre-
dictor marker to identify high-risk COVID-19 patients at an early
stage for early disease management. Furthermore, targeting CRP
levels may reduce the inflammation status in COVID-19 patients,
and may be a promising treatment for COVID-19 patients. Our
results highlighted a set of significant predictors associated with
high odds of mortality. This significance was based on univari-
ate logistic regression analysis involving some parameters, such as
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white blood cell, neutrophils, myocardial kinase, urea, and lactate
dehydrogenase counts. These parameters are included in a set of
27 predictors of COVID-19 patient mortality collected from several
studies and summarized in Table 1.

Controlling the spread of COVID-19 is one of the most impor-
tant challenges facing different countries. These challenges include
both economic and social aspects. Therefore, addressing the eco-
nomic and social impacts resulting from the spread of the disease
has been a major priority in many countries [18]. Chen et al. [27]
reported that 65 and older age patients who diagnosed with COVID-
19 were more likely to develop comorbidities, serious symptoms
and experience death compared to younger age group (<65 years).
Accordingly, the Ministry of Health in Saudi Arabia has attached
special importance to this group by focusing on vaccines as a pri-
mary strategy and emphasizing several recommendations such as
staying home, staying away from gatherings, taking prescribed
medicines regularly and using apps to order and have food and
prescribed drugs delivered. The Ministry of Health has issued sev-
eral directives to family members and caregivers for the elderly,
including paying increased attention to the personal hygiene of the
elderly and ensuring that their rooms are clean and well-ventilated
[19]. In addition, while these groups are at risk of disease, other
studies have investigated the association between patients with
comorbidities that may pose a significant threat to their lives and
COVID-19 [20-22]. The findings from our study and other stud-
ies highlight the need for public health intervention to minimize
the risk of infection by COVID-19 among vulnerable popula-
tions, develop clinical guidelines, and improve treatment strategies
including counseling, and discussion for COVID-19 patients identi-
fied as having high odds of mortality. To our knowledge, this is the
first study in the Medina region that has reported the characteris-
tics and clinical parameters of COVID-19 patients as predictors of
mortality.

This study includes some potential limitations. First of the lim-
itation, the data was recorded only at the time of the hospital
admission. Further, the collection of the data was utilized on the
patients’ medical record and some variables were not available in
the medical record such as obesity, cardiovascular and hyperten-
sion. In addition, the study was conducted in the Medina region;
therefore, other studies should be performed in other regions
within Saudi Arabia to evaluate the external validity of our model so
that these results can be generalized to the COVID-19 population in
Saudi Arabia. Furthermore, the sample size was 119 patients, which
could have led to some non-significant differences in the clinical
characteristics in the subgroup analysis and also to non-significant
predictors for the odds of mortality because the study was limited
to a relatively small sample size.

Conclusion

Our retrospective observational study involving patients who
were diagnosed with COVID-19 with mild, moderate, or critical
symptoms highlighted several significant factors that can be used
to predict mortality based on patient characteristics and laboratory
parameters. This study concluded that the older age group (>65
years) had five times higher odds of mortality compared to patients
in the younger age group (<49 years). Moreover, ICU patients with
COVID-19 had approximately seven times higher odds of mortality
compared to those who were not admitted into the ICU. Addition-
ally, older age groups (>65 years) who were admitted to the ICU
and exhibited increased C-reactive protein levels were positively
associated with the odds of mortality. Further clinical observations
are warranted to support these findings and enhance the mapping
and control of the COVID-19 pandemic.
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