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Abstract

Risk factors for in-hospital mortality of COVID-19 patients in Saudi Arabia have not been
well studied. Previous reports from other countries have highlighted the effect of age, gen-
der, clinical presentation and health conditions on the outcome of COVID-19 patients. Saudi
Arabia has a different epidemiological structure with a predominance of young population,
which calls for separate study. The objective of this study is to assess the predictors of mor-
tality among hospitalized patients with COVID-19 in Saudi Arabia. This is a retrospective
observational cohort study of hospitalized adult COVID-19 patients at two tertiary hospitals
in Saudi Arabia between May to July 2020. Electronic charts were retrospectively reviewed
comparing survivors and non-survivors in terms of demographic and clinical variables and
comorbid conditions. A total of 564 hospitalized patients with COVID-19 were included in
the study. The overall in-hospital mortality rate was 20%. The non-survivors were signifi-
cantly older than survivors (59.4 + 13.7 years and 50.5 + 13.9 years respectively P< 0.001).
Diabetes mellitus, hypertension, heart failure and ischemic heart disease were more preva-
lent among non-survivors (P< 0.001). The mean values of glycosylated hemoglobin HgA1C,
D-dimer, ferritin, lactate dehydrogenase LDH, Alanin aminotransferase ALT and creatinine
were significantly higher among non-survivors (P < 0.05). Multivariate logistic regression
analysis revealed that age (aOR = 1.04; 95% CI 1.02—-1.08; P < 0.01), chronic kidney dis-
ease (aOR =4.04; 95% Cl 1.11-14.77; P < 0.05), acute respiratory distress syndrome
ARDS (aOR = 14.53; 95% CI 5.42-38.69; P < 0.01), Mechanical Ventilation (aOR = 10.57;
95% CI 5.74-23.59; P < 0.01), Shock (aOR = 3.85; 95% CI 1.02—14.57; P < 0.05), admis-
sion to intensive care unit (ICU) (aOR = 0.12; 95% CIl 0.04-0.33; P < 0.01) and length of
stay (aOR = 0.96; 95% CI 0.93-0.99; P < 0.05) were significant contributors towards mortal-
ity. The in-hospital mortality rate of COVID-19 patients admitted to tertiary hospitals in Saudi
Arabia is high. Older age, chronic kidney disease and ARDS were the most important pre-
dictors of mortality.
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Introduction

COVID-19 is currently the greatest challenge for the healthcare systems all over the world [1,
2]. Some argue that no specific treatment has been approved for this disease, apart from sup-
portive care and prevention of complications. Despite this, there are now specific treatments
like remdesivir, tocalizumab, steroids which have shown to decrease mortality. Most of the
used treatments have been inferred from the experience of previous outbreaks with respiratory
viruses [3, 4]. Therefore, the emphasis now is on the prevention of the infection and identifica-
tion of vulnerable groups of patients who may have worse outcomes if infected.

Variable mortality rates have been reported from different countries across the world [2].
Many studies have identified different predictors of mortality including demographic features,
clinical presentation and comorbidities [5-10]. A meta-analysis of 60 studies that included
51,225 patients from different hospitals in 13 countries had found a higher in-hospital mortal-
ity rate in older patients and smokers, and in those who present with dyspnoea and have kid-
ney disease, hypertension, malignancy, diabetes and pulmonary disease [11].

Saudi Arabia has a different epidemiological structure with the predominance of the young
population. The largest age group in Saudi Arabia is (35-39) year [12]. The last demographical
survey by Saudi General Authority for statistics, showed that almost half of the population
were aged between 25-54 years and that age group of 35-39 years was predominant [13]. In
addition, the prevalence of Diabetes Mellitus in Saudi Arabia is one of the top 10 in the world
[14]. Similarly, hypertension is highly prevalent among the Saudi population. In 2013, a
national survey which was conducted on 10,735 Saudis aged 15 years or older, found that
15.2% and 40.6% of Saudis were hypertensive or borderline hypertensive, respectively [15].

It is, therefore, crucial to study the in-hospital mortality rate among patients with COVID-
19 in the local population of Saudi Arabia and identify the predictors for worse outcome. This
would be of great value not only for risk stratification of patients who warrant admission to
hospitals but also to prioritize these patients for receiving COVID-19 vaccination. This study
aimed to assess the potential risk factors associated with in-hospital mortality among patients
with COVID-19.

Materials and methods

This is a retrospective observational cohort study using the electronic medical records of hos-
pitalized patients with COVID-19 from May to July 2020 at two tertiary hospitals in Riyadh,
Saudi Arabia. The sample size comprised all patients aged between 18-80 years who had posi-
tive real-time reverse transcription-polymerase chain reaction (RT-PCR) for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in their nasopharyngeal swabs. Electronic
charts were reviewed and compared between survivors and non-survivors in terms of demo-
graphic and clinical variables and comorbid conditions. Oncology patients and pregnant or
lactating women were excluded from the study.

Data collection

Demographic data about the age, gender, nationality, civil status, blood pressure, body mass
index (BMI), history of smoking and comorbidities were included in this analysis. Symptoms
and clinical presentation on the day of admission, medications, laboratory results were also
collected for all subjects. The clinical outcomes included in-hospital mortality, length of hospi-
tal stay (including the intensive care unit (ICU) admission), pneumonia, acute respiratory dis-
tress syndrome (ARDS) as per Berlin definition [16, 17], mechanical ventilation, shock, acute
kidney injury (defined as an abrupt (within 48 hours) reduction in kidney function based on
an elevation in serum creatinine level, a reduction in urine output, the need for renal
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replacement therapy, or a combination of these factors) [18], and acute heart failure (defined
as a rapid onset of new or worsening signs and symptoms of heart failure) [19]. All data were
collected from COVID-19 patients’ electronic charts.

Ethical approval

The study was approved by the KSUMC Institutional Review Board, reference number

(Ref. No. 20/0497/IRB). This study was conducted in accordance with the Declaration of Hel-
sinki. Patient consent to review their medical records was waived by the KSUMC IRB due to
the anonymized data collection and maintained with confidentiality.

Statistical analysis

Statistical analyses were performed using the Statistical Package for the Social Sciences soft-
ware, version 25.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were used to analyze
the demographic and clinical variables for the baseline patient characteristics and outcomes.
The categorical data were expressed as numbers and percentages, while for the continuous var-
iables, mean + standard deviation were presented. The categorical variables were analyzed
using the Chi-square test, whereas the continuous data were compared using the independent
sample t-test. The variables that showed significant differences in the univariate analysis were
considered for analysis using multivariate logistic regression for establishing the association
between the independent risk factors and mortality as the dependent variable. The results were
articulated as adjusted odds ratio (aOR) and a 95% confidence interval (CI). P-value less than
0.05 was considered to be statistically significant.

Results
Baseline patient characteristics

The study included 564 patients with COVID-19 who were admitted to two tertiary hospitals
in Riyadh, Saudi Arabia between May to July 2020. Their mean age was 52.3 + 14.4 years, and
429 (76.1%) were men. One hundred and thirteen patients (20%) died during hospitalization
and the majority of them (79.6%) were male. The non-survivors were significantly older than
survivors (59.4 + 13.7 years, 50.5 + 13.9 years, respectively P< 0.001). Diabetes mellitus, hyper-
tension, heart failure, chronic kidney disease, and ischemic heart disease were significantly
more prevalent among non-survivors (P< 0.01). Blood pressure was significantly lower in
non-survivors compared to survivors (P< 0.05). The majority of studied patients were mar-
ried, however, survivors were more likely to be married than those who died (P< 0. 001).
There was no difference among the two groups in terms of smoking and Body mass index and
previous cerebrovascular accidents. Table 1 shows the baseline characteristics among survivors
and non-survivors COVID-19 patients.

The most common symptoms for the patients were shortness of breath (84.8%) followed by
fever (79.3%) and cough (77.3%). However, there were no significant differences between the
survivors and non-survivors as far as the symptoms were considered. Among medications,
higher percentage of survivors received steroids, hydroxychloroquine and azithromycin than
non-survivors (P< 0.01) and a small number of patients were receiving angiotensin-convert-
ing enzyme (ACE)-Inhibitors more in the non-survivor’s group.

Comparison of laboratory results showed that COVID-19 patients who did not survive had
significantly higher mean values of glycosylated hemoglobin (HgA1C), D-dimer, low-density
lipoprotein cholesterol (LDL), ferritin, lactate dehydrogenase (LDH), alanine aminotransferase
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Table 1. Baseline characteristics of patients with COVID-19.

Variable

Demographic data

Age (years)

Sex, male

Nationality, Saudi

Civil Status, Married

SBP (mmHg)

DBP (mmHg)

Body mass index (kg/m2)

Smoker (vs non-smoker)

Comorbidities

Diabetes

Hypertension

Heart Failure

Chronic Kidney Disease
Chronic lung Disease
Ischemic Heart Disease

Cerebrovascular accident

Total Survivor Non-Survivor P-value
(n =564) (n =451) (n=113)

523+ 144 50.5+13.9 59.4 +13.7 < 0.001
429 (76.1) 339 (75.2) 90 (79.6) 0.318
191 (33.9) 114 (31.9) 47 (41.6) 0.052
419 (74.3) 356 (78.9) 63 (55.8) < 0.001
124.1 £ 27 125.3 + 25.0 119.4 £ 33.0 0.039
72.8+16.9 744 +15.8 66.7 +19.9 < 0.001
29.6 £ 6.5 29.7+£6.5 29.5+6.6 0.863
25 (4.4) 19 (4.2) 6(5.3) 0.612
254 (45.0) 190 (42.1) 64(56.6) 0.006
202 (35.8) 142 (31.5) 60 (53.1) < 0.001
26 (4.6) 13 (2.9) 13 (11.5) <0.001
32(5.7) 19 (4.2) 13 (11.5) 0.003
31 (5.5) 27 (6.0) 4(3.5) 0.307
39 (6.9) 23 (5.1) 16 (14.2) 0.001
25 (4.4) 17 (3.8) 8(7.1) 0.126

Data are presented as mean + standard deviation or number (%); DBP, Diastolic Blood Pressure; SBP, Systolic Blood Pressure.

https://doi.org/10.1371/journal.pone.0270062.t001

(ALT) and creatinine (P< 0.05). The symptoms, medications and laboratory results of patients
with COVID-19 are shown in Table 2.

The Clinical outcomes of COVID-19 survivors and non-survivors are presented in Table 3.
More patients in the non-survivor group developed shock, acute kidney injury (AKI), acute
respiratory distress syndrome (ARDS) and required mechanical ventilation than survivors
(P< 0.001). Furthermore, admission to the intensive care unit (ICU) and the length of stay at
the hospital were significantly higher among non-survivors (P< 0.001, P = 0.001) respectively.

The results of univariate and multivariate logistic regression analysis of the risk factors are
summarized in Table 4. It is observed that the age (aOR = 1.04; 95% CI 1.02-1.08; P < 0.01),
Chronic Kidney Disease (aOR = 4.04; 95% CI 1.11-14.77; P < 0.05), ARDS (aOR = 14.53; 95%
CI5.42-38.69; P < 0.01), Mechanical Ventilation (aOR = 10.57; 95% CI 5.74-23.59; P < 0.01),
Shock (aOR = 3.85; 95% CI 1.02-14.57; P < 0.05), admission to ICU (aOR = 0.12; 95% CI
0.04-0.33; P < 0.01) and length of stay (aOR = 0.96; 95% CI 0.93-0.99; P < 0.05) were associ-
ated with a higher risk of in-hospital death. The values of aOR being greater than unity, age,
chronic kidney, ARDS, mechanical ventilation and shock provide greater likelihood of mortal-
ity whereas admission to ICU and increased length of stay reduces the likelihood of death.

Discussion

This study has found that the in-hospital mortality rate among the COVID-19 cohort was
20%. Older age and chronic kidney disease were the most important predictors of in-hospital
mortality. The non-survivors were more likely to develop acute kidney injury, ARDS, require
mechanical ventilation and get admitted to ICU than survivors. Our findings are consistent
with a systematic review and meta-analysis by Tian et al who reported a mortality rate of
31.4% amongst Chinese patients and 21.0% for New Yorkers [5].
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Table 2. The symptoms, medications, laboratory results and outcomes among survivors and non-survivors of patients with COVID-19.

Variable Total Survivor Non-Survivor P-value
(n=564) (n=451) (n=113)

Symptoms
Cough 436 (77.3) 357 (79.2) 79 (70.0) 0.051
Fever 447 (79.3) 364 (80.9) 83 (74.1) 0.111
Shortness of Breath 478 (84.8) 388 (86.2) 90 (81.1) 0.172
Sputum increase 43 (7.6) 31 (6.9) 12 (10.6) 0.180
Hemoptysis 3(0.5) 2(0.4) 1(0.9) 0.564
Sore Throat 39 (6.9) 32 (7.1) 7 (6.2) 0.736
Neurological 30 (5.3) 23 (5.1) 7 (6.2) 0.643
Diarrhea 76 (13.5) 63 (14.0) 13 (11.6) 0.513
Nausea and Vomiting 75 (13.3) 61 (13.5) 14 (12.4) 0.750
Abdominal Pain 25 (4.4) 21 (4.7) 4(3.5) 0.606

Medications
ACE-Inhibitors 55 (9.8) 36 (8.0) 19 (16.8) 0.005
ARBs-Inhibitors 42 (7.4) 34 (7.5) 8(7.1) 0.868
Steroids 445 (78.9) 379 (84.2) 66 (58.4) < 0.001
Cephalosporins 533 (94.5) 429 (95.1) 104 (92.0) 0.198
Hydroxychloroquine 272 (48.2) 253 (56.1) 19 (16.8) < 0.001
Azithromycin 441 (78.2) 379 (84.0) 62 (54.9) < 0.001
Anti-viral 56 (9.9) 42 (9.3) 14 (12.4) 0.328

Laboratory Results
HgAl1C 8.2+ 4.4 79+23 9.7 £ 10.5 0.014
D-dimer 2.6+ 3.5 22+29 45+5 < 0.001
Ferritin 837.4+ 959.5 7159 £ 701.6 1344.8 + 1552.1 < 0.001
LDH 498.1+ 234.5 464.1 £199.4 643.9 + 308.1 < 0.001
ALT 67.2+£ 92.6 63.4+779 82.7 £ 136.5 0.049
Creatinine 128.3+ 157.8 111.1 £133.5 197.9 £ 218.9 < 0.001

Data are presented as mean + standard deviation or number (%); LDL, low-density lipoprotein cholesterol; ALT, alanine aminotransferase; LDH, lactic dehydrogenase;

ACE: angiotensin converting enzyme, ARB: angiotensin receptor blocker; Cephalosporins (ceftriaxone or cefuroxime).

https:/doi.org/10.1371/journal.pone.0270062.t002

Table 3. The clinical outcomes among survivors and non-survivors of patients with COVID-19.

Variable Total Survivor Non-Survivor P-value
(n=564) (n=451) (n=113)

Outcomes
Pneumonia 516 (91.5) 417 (92.5) 99 (87.6) 0.098
ARDS 64 (11.3) 17 (3.8) 47 (41.6) < 0.001
Mechanical Ventilation 99 (17.6) 24 (5.3) 75 (67.0) < 0.001
Shock 41 (7.3) 6 (1.3) 35 (31.0) < 0.001
Acute Kidney Injury 113 (20) 67 (14.9) 46 (40.7) < 0.001
Heart Failure 19 (3.4) 16 (3.5) 3(2.7) 0.638
ICU admission 150 (26.6) 74 (16.4) 76 (67.3) < 0.001
LOS (day) 129+ 125 12.1+£11.8 16.4 £ 14.7 0.001

Data are presented as mean + standard deviation or number (%)
ARDS, Acute Respiratory Distress Syndrome; ICU, Intensive care unit; LOS, length of stay

https://doi.org/10.1371/journal.pone.0270062.t003
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Table 4. Univariate and multivariate logistic regression analysis of the risk factors associated with mortality among COVID-19 patients.

Predictors

Demographic data
Age (years)
Comorbidities
Chronic Kidney Disease
Diabetes
Heart Failure
Hypertension
Ischemic Heart Disease
Medications
Azithromycin
Hydroxychloroquine
Steroids
Outcomes
Acute Kidney Injury
ARDS
ICU admission
LOS (day)
Mechanical Ventilation
Shock

OR

1.06

2.96
1.79
4.38
2.46
3.07

0.23
0.16
0.26

3.93

18.18
0.09

1.02
36.06
33.28

Univariate analysis Multivariate analysis

95% CI 95% CI

Lower Upper P-value aOR Lower Upper P-value
1.03 1.06 < 0.001 1.04 1.02 1.08 0.001
1.41 6.18 0.004 4.04 1.11 14.77 0.034
1.18 2.72 0.006 - - - -
1.97 9.74 < 0.001 - - - -
1.62 3.75 < 0.001 - - - -
1.56 6.03 0.001 - - - -
0.15 0.36 < 0.001

0.09 0.26 < 0.001 - - - -
0.17 0.41 < 0.001 - - - -
2.49 6.21 < 0.001 - - - -
9.86 33.53 < 0.001 14.53 5.42 38.96 < 0.001
0.06 0.15 < 0.001 0.12 0.04 0.33 < 0.001
1.00 1.04 0.002 0.96 0.93 0.99 0.002
20.41 63.72 < 0.001 10.57 4.74 23.59 < 0.001
13.55 81.76 < 0.001 3.85 1.02 14.57 0.047

OR, Odds Ratio; aOR, adjusted Odds Ratio; 95% CI, 95% Confidence Intervals.
ARDS, Acute Respiratory Distress; LOS, Length of Stay; ICU, Intensive Care Unit.

https://doi.org/10.1371/journal.pone.0270062.t004

On the contrary, Sheshah et al. from Saudi Arabia reported a lower mortality rate of 10%
among COVID-19 patients and it was highest among Saudi males (28.9%) [20]. Similarly,
Abohamr et al. showed a significantly lower mortality rate (4.27% fatality ratio) in a single cen-
tre in Riyadh, Saudi Arabia [21]. This fluctuation in mortality rate was reported by Alyami
et al who noted an increase in mortality rate starting from March 2020, reaching the peak rate
of deaths on 1 April 2020 (0.417 per 100 patients), and followed by non-linear reduction until
26 April 2020 (0.020 per 100 patients) [22]. The increased mortality in this study correlates
with high rate of COVID-19 cases in the country, in addition, the admitted patients were
severe cases 91.5% had pneumonia. They were older (mean age 52.3 years) more obese (mean
BMI was 29,6). A high percentage had comorbid conditions patients (45% Diabetes & 35,8%
Hypertension).

Indeed, in the present study patients who died were significantly older than patients who
survived, their mean age was 52.3+ 14.4 years old. This is in agreement with a recent study that
analyzed data of 178,568 COVID-19 deaths from a total population of 16 countries and found
that the mortality rate of COVID-19 was 8.1 times higher (95%CI = 7.7-8.5) among those
aged 55 to 64 years, and more than 62 times higher incidence rate ratios (IRR) (IRR = 62.1;
95%CI = 59.7-64.7) among those aged 65 or older compared with individuals aged 54 years
or younger [23]. This could be explained by changes associated with immunosenescence in
which the function of innate immune cells in older people is impaired, and therefore the effec-
tiveness of viral clearance is reduced, and a dysregulated immune response is initiated [24]. In
addition, older individuals are more likely to have a higher number of comorbid conditions
than younger ones. In the present study, we had found that diabetes mellitus, hypertension,
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heart failure, ischemic heart disease and chronic kidney disease were significantly more preva-
lent among patients who died. It is consistent with the study of Imam Z. et al who reported
comorbidities as independent mortality predictors in a large cohort of COVID-19 patients
[25]. Furthermore, a meta-analysis that included 1389 COVID-19 patient (19.7% with severe
disease) have shown a significant association of chronic kidney disease with severe COVID-19
[26]. This is in agreement with our findings that chronic kidney disease was a predictor of
mortality. Similarly, Guan WJ. et al from China found that 38.1% versus 15.7% of severe
COVID-19 cases had chronic kidney disease [27]. Few studies have suggested an association of
the severity of symptoms with mortality [28]. However, when we compared the dead and sur-
viving COVID-19 patient, there was no significant difference between them in relation to the
symptoms.

In the present study, the survivors were more likely to be treated with Azithromycin, Ste-
roids and Hydroxychloroquine. A retrospective cohort study of 1438 patients hospitalized in
New York, had found that treating hospitalized COVID-19 patients with hydroxychloroquine,
azithromycin, or both was not associated with significantly lower in-hospital mortality [29].
While another Multi-center retrospective observational study included 2,541 patients had
found that treatment with hydroxychloroquine alone and in combination with azithromycin
was associated with a reduction in COVID-19 associated mortality [30]. The use of steroids
and in particular dexamethasone in patients with moderate to severe COVID-19 who are hyp-
oxic has been shown to improve the overall outcome of these patients and is currently consid-
ered standard of care [31].

There are some possible limitations in this study. The first is the retrospective design of the
study. The second limitation concerns the study setting, which was conducted in tertiary cen-
ters, thus could contribute to the higher mortality rate as these centers receive a very sick sub-
set of patients. Also, the reliability of the findings will increase with increased sample size.
More variables related to demographic and social outcomes could be considered in future
studies.

Conclusions

The in-hospital mortality rate of COVID-19 patients remains high. Older age, diabetes, hyper-
tension, chronic kidney disease and ischemic heart disease are more prevalent among non-sur-
vivors. Age and Chronic kidney disease were independent risk factors for in-hospital
mortality. It is important to implement an efficient algorithm for risk stratification of patients
who are admitted to hospitals and to prioritize cases for receiving COVID-19 vaccination. Fur-
ther studies are needed on a larger sample size to evaluate other important predictors related
to COVID-19 outcome.
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