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Abstract: Background/Objectives: Mortality from COVID-19 in intensive care units (ICUs)
was not clearly reported in many regions during the first wave. We aimed to assess the
characteristics and outcomes of ICU patients with COVID-19 in Saudi Arabia. Methods:
This was a secondary data analysis of the Convalescent Plasma Trial. All patients who were
recruited from King Fahad Hospital of the University (KFHU) in the Eastern Region of
Saudi Arabia between 13 March 2020 and 13 September 2020 were included. Characteristics
and outcomes, differences in characteristics and outcomes between Saudi and non-Saudi
populations, and predictors of mortality were assessed. Results: The KFHU recruited
185 ICU patients with COVID-19. Of those, 90 (48.6%) were Saudi, and 95 (51.4%) were
non-Saudi. The overall mean age was 56.7 years, and 71.9% were males. Compared with
Saudis, non-Saudis were younger, with a mean age of 54.4 years, were more likely to be
males (81.1%), and had a higher median respiratory rate (28.0 breaths/min vs. 24.0), a
lower percentage of blood-oxygen saturation (86.0% vs. 91.0%), and higher median levels of
ferritin per ug/L (820 vs. 550). The overall mortality rate was 33.0% (1 = 61). The mortality
rate in non-Saudis (42.1%) was higher than that in Saudis (23.3%). The variables associated
with increased mortality included non-Saudi status (odds ratio [OR] 2.66; 95% CI: 1.05,
6.72), ferritin (OR 1.01; 95% CI: 1.00, 1.02), and intubation (OR 8.55; 95% CI: 2.92, 24.97).
Conclusions: Since the mortality rate in non-Saudis was greater than that in Saudis, more
efforts should be made to improve social determinants of health across non-Saudis in
our region.
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1. Introduction

In December 2019, coronavirus disease 2019 (COVID-19) was first recognized in
Wuhan, China [1]. It is caused by severe acute respiratory syndrome coronavirus-2 and
is contagious in humans [2]. In March 2020, the World Health Organization character-
ized COVID-19 as a global pandemic because the number of affected people exceeded
110,000 across 114 countries with a case fatality of more than 4000 [3]. Despite this pandemic
alarm, the average number of new cases and cases of death since then and up to June 2023
was approximately 578,000 and 5700 per day, respectively. Extrapolating these figures
would lead to a global mortality rate of 1.0% [4]. However, this rate could be as high as
78.0-84.6% in a subgroup of the population, those who experienced severe symptoms of
COVID-19 during the initial phase of the pandemic [5-7].

Evidence suggests that elevated levels of pro-inflammatory cytokines and dysregu-
lated immune response were the major determinants of COVID-19 severity [8,9]. Patients
with COVID-19 who present with pathological cytokine storm required treatment in the
intensive care unit (ICU) [10]. The rate of mortality in patients with COVID-19 who were
admitted to the intensive care unit (ICU) was estimated to be 41.7% during the initial phase
of the pandemic, with significant variation across the studied regions [11]. In Asia, the
reported mortality rate was 35.3%, whereas it was 42.0% in North America and 48.4%
in Europe. Part of this variation could be related to differences in patient demographics,
including age, ethnicity, and comorbidities, and part could be related to differences in
management and treatment interventions. Importantly, this variation could be related to
publication bias. Unfortunately, mortality-related data related to COVID-19 in the ICU
were not clearly reported in many regions during the early phase of the pandemic. This
lack of information may mask other unknown factors.

Since Saudi Arabia is part of the Eastern Mediterranean region and studies from
this region were lacking, this study aimed to describe the characteristics and outcomes
of patients who were admitted to the ICU with COVID-19 in Saudi Arabia during the
first wave of the pandemic. Differences in characteristics and outcomes across Saudi and
non-Saudi populations and predictors of mortality will also be assessed.

2. Materials and Methods
2.1. Study Design

This was a secondary data analysis of a subpopulation from the Convalescent Plasma
Trial [12]. The trial methodology has been described in detail elsewhere [13]. Briefly, this
was a multicenter, open-label, two-arm national trial. The aim of the trial was to assess the
feasibility, safety, and efficacy of convalescent plasma in treating ICU patients with COVID-
19 in Saudi Arabia. Twenty-two hospitals across Saudi Arabia participated in patient
recruitment. Between the 13th of March 2020 and the 13th of September 2020, investigators
from King Fahad Hospital of the University (KFHU) recruited 185 patients after providing
written informed consent from all patients or their proxies. The hospital is a teaching
healthcare facility and is affiliated with Imam Abdulrahman bin Faisal University (IAU).
For the purpose of our study, all patients recruited from KFHU (n = 185) were included,
and the data we obtained were deidentified. The access date for the study population
data was 26 June 2022. Our study has ethical approval from the IAU (Approval number:
2022-01-253; Date: 23 June 2022).

2.2. Settings

The hospital is located in Al-Khobar, a city in the Eastern Region of Saudi Arabia. It
services a population of more than 450,000 residents, of whom approximately 51.0% are
non-Saudis, across a geographical area of 571 km? [14]. The hospital provides a range of
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medical services, including emergency and intensive care, and has a capacity of 550 beds,
42 of which are allocated to the ICU [15]. The ICU is staffed with a multidisciplinary team
of national and international board-certified physicians, including intensivists, pulmonolo-
gists, gastroenterologists, cardiologists, neurologists, and hematologists. It is also staffed
with critical care nurses and respiratory care therapists.

2.3. Populations, Definitions, and Data Sources

Per the trial protocol, a participant was recruited if the participant was aged >18 years
and had a confirmed case of COVID-19 and met the criteria for admission to the ICU [13].
A case was considered COVID-19 if it tested positive via real-time reverse transcription
polymerase chain reaction (rRI-PCR). The criteria for ICU admission included dyspnea, a
respiratory rate of >30 breaths/min, a percentage of blood oxygen saturation (SpO,%) of
<93%, an arterial-oxygen partial pressure to inspired-oxygen fraction ratio of <300, or lung
infiltrates within 24-48 h of >50%. Patients who presented with life-threatening conditions
such as respiratory failure, sepsis, or multiple organ dysfunction were also subjected to
ICU admission.

Data from the KFHU were collected according to the trial protocol. Two research
assistants recorded the data independently. Disagreements were resolved by rechecking
the medical records of participants. The data included patient demographics, clinical char-
acteristics, laboratory findings, management and treatment interventions, complications,
and outcomes. The main outcome related to our study was discharge status from the
ICU (discharged alive or dead). Some of the outcome data were followed up after the
recruitment period. All recruited patients with COVID-19 in the ICU of the KFHU were
managed according to the Saudi Ministry of Health and the Saudi Critical Care Society
Clinical Practice Guidelines. These guidelines were developed by experts in critical care
medicine, respiratory therapy, infection control, nursing, and public health and were based
on the best available evidence and aligned with international guidelines [16]. The included
patients were categorized as Saudis and non-Saudis. Saudi citizens are those who have a
Saudi national identification number, whereas non-Saudi residents are those who do not
have one.

2.4. Statistical Analysis

Patient characteristics and outcomes were reported using descriptive statistics. Contin-
uous variables were reported as the means and standard deviations (SDs) or medians and
interquartile ranges (IQRs) as appropriate. Categorical variables were reported as counts
and percentages. We stratified the population into Saudi and non-Saudi populations to
assess differences in characteristics and outcomes using Student’s t-test, the Mann-Whitney
U test, and the X? test, as appropriate.

Predictors of mortality across the overall population were assessed using multivari-
able logistic regression. The variables included were age, sex, SpO;%, respiratory rate,
comorbidities, intubation, medication therapy, and ICU length of stay. Since more than
15% of the values for some variables were missing at random, we performed multiple
imputation. Analyses of complete and imputed data were performed. Effect sizes were
expressed as odds ratios (ORs) with 95% confidence intervals (95% Cls). A two-tailed
p value of less than 0.05 was considered statistically significant. All the statistical analyses
were performed using STATA software version 16.0 (Statacorp, College Station, TX, USA).
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3. Results

After the trial recruitment period and follow-up of outcome data, 185 ICU patients
from the KFHU were included. Of those, 90 (48.6%) were Saudis, and 95 (51.4%) were
non-Saudis.

3.1. General Characteristics

General characteristics across the overall population and in Saudi and non-Saudi
populations are presented in Table 1. The mean age across the overall population was
56.7 years, and 71.9% of the population was male. A total of 68 percent of the patients
presented with a temperature greater than 38 °C, and 77.3% presented with dyspnea. The
overall median respiratory rate was 26.0 breaths/min (IQR: 22.0, 32.0), and the median
percentage of SpO, was 89.0% (IQR: 83.0%, 94.0%). The majority of patients had a history
of diabetes (54.1%), and 42.7% had hypertension. Compared with Saudis, non-Saudis were
younger, with a mean age of 54.4 years, and were more likely to be males (81.1%). The
median respiratory rate was significantly greater, and the percentage of SpO, was lower in
non-Saudis than in Saudis (both p values < 0.001).

Table 1. General characteristics across the overall population and among Saudis compared with

non-Saudis.
o . . Missing,
verall Saudi Non-Saudi
=185 =90 "= 05 p Value n = (Overall,
Saudi, Non-Saudi)

Demographics

Mean age, (SD) 56.7 (13.5) 59.2 (15.6) 54.4 (10.8) 0.016 0

Male gender, 1 (%) 133 (71.9) 56 (62.2) 77 (81.1) 0.004 0
Initial symptoms

Temperature > 38 °C, n (%) 126 (68.1) 62 (68.9) 64 (67.4) 0.824 0

Dyspnea, 11 (%) 143 (77.3) 67 (74.4) 76 (80.0) 0.367 0

Median RR/min, (IQR) 26.0 (22.0, 32.0) 24.0 (21.0,29.5) 28.0 (23.0, 36.0) <0.001 (2,2,0)

Median SpO,%, (IQR) 89.0 (83.0, 94.0) 91.0 (88.0, 96.0) 86.0 (80.0,91.0) <0.001 (2,2,0)

Dry cough, 1 (%) 114 (61.6) 57 (63.3) 57 (60.0) 0.641 0

Flu symptoms, 1 (%) 5(2.7) 2(2.2) 3(3.2) 0.695 0

Headache, n (%) 8 (4.3) 6 (6.7) 2(2.1) 0.127 0

Diarrhea, 1 (%) 18 (9.7) 13 (14.4) 5(5.3) 0.035 0

Other symptoms, 1 (%) 78 (42.2) 38 (42.2) 40 (42.1) 0.987 0
Previous medical history, n (%)

Diabetes 100 (54.1) 55 (61.1) 45 (47.4) 0.061 0

Hypertension 79 (42.7) 46 (51.1) 33 (34.7) 0.024 0

Cardiac disease 29 (15.7) 21 (23.3) 8 (8.4) 0.005 0

Liver disease 4(2.2) 1(1.1) 3(3.2) 0.339 0

Renal disease 10 (5.4) 7 (7.8) 3(3.2) 0.165 0

Autoimmune disease 2(1.1) 2(2.2) 0.0 (0.0) 0.144 0

Vitamin D deficiency 2 (1.1) 1(1.1) 1(1.1) 0.969 0

Other comorbidities 66 (35.7) 48 (53.3) 18 (19.0) <0.001 0

Other history, 1 (%)

Smoker 7 (3.8) 2(2.2) 5(5.3) 0.279 0

Obese 8 (4.3) 7 (7.8) 1(1.1) 0.025 0

Abbreviations: SD, standard deviation; RR, respiratory rate; IQR, interquartile range; SpO,, blood oxygen
saturation.

3.2. Clinical Characteristics

Table 2 presents the clinical characteristics across the overall population and in Saudi
and non-Saudi populations. The overall median percentages of lymphocytes and neu-
trophils were 14.2 (IQR: 9.3, 20.8) and 76.8 (IQR: 70.2, 83.8), respectively. The median
D-dimer was 1.3 per ug/mL (IQR: 0.7, 2.4) and 650.0 per ug/L (IQR: 320.0, 1490.0) for
ferritin. Evidence of bacterial infection in the respiratory system was found in 20.5% of
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the patients. More than 70.0% of the patients received hydroxychloroquine, azithromycin,
steroids, or antiviral therapy. One hundred eight patients (59.3%) were intubated, and 86
(47.8%) received high-flow nasal oxygenation therapy. Few patients developed complica-
tions in the ICU (n < 4), and the median length of stay per day in the ICU was 9.0 (IQR: 5.0,
18.0). The laboratory findings differed significantly between Saudis and non-Saudis. Non-
Saudis had higher median levels of lactate dehydrogenase (LDH), alanine aminotransferase
(ALT), and aspartate aminotransferase (AST) per U/L and ferritin per pug/L.

Table 2. Clinical characteristics across the overall population and in Saudis and non-Saudis.

Overall Saudi Non-Saudi Missing,
=185 =90 n=095 p Value n=(Overall,
Saudi, Non-Saudi)
Baseline laboratory results,
median (IQR)
Lymphocytes % 14.2 (9.3, 20.8) 16.0 (11.1,21.9) 12.3 (7.4,20.3) 0.011 (11,6,5)
Neutrophils % 76.8 (70.3, 83.8) 75.8 (67.4, 81.1) 78.7 (71.3,85.7) 0.031 (23,9, 14)
Albumin per g/dL 3.5(3.3,3.8) 34(3.3,3.7) 3.6(3.4,3.8) 0.006 (3,2,1)
LDH per U/L 441.5 (346.5,644.5)  407.0 (321.0,530.0)  549.0 (403.0,735.0)  <0.001 (5,4,1)
ALT per U/L 34.5(23.0, 54.5) 28.5 (19.0, 52.0) 40.0 (27.0, 58.0) 0.009 (5,4,1)
AST per U/L 43.0 (29.0, 85.5) 33.5(22.0, 61.0) 50.0 (35.0, 74.0) <0.001 (5,4,1)
CRP per mg/L 10.8 (6.0, 19.0) 9.5 (6.0, 18.6) 11.7 (5.8, 19.5) 0.501 (25,10, 15)
D-Dimer per pg/ml 1.3 (0.7, 2.4) 1.3(0.7,2.7) 1.2 (0.7, 2.0) 0.694 (37,19, 18)
Ferritin/1% per ug/L 2 6.5 (3.2, 14.9) 5.5 (2.2,11.3) 8.2 (4.5, 20.8) 0.013 (52, 26, 26)
Troponin per ng/mL 0.01 (0.01, 0.04) 0.02 (0.01, 0.08) 0.011 (0.01, 0.02) 0.021 (70, 33, 37)
Bacterial infection, n (%)
Blood 21 (11.4) 9 (10.0) 12 (12.6) 0.573 0
Respiratory 38 (20.5) 20 (22.2) 18 (18.9) 0.582 0
Medication therapy, 1 (%)
Hydroxychloroquine 136 (73.5) 61 (67.8) 75 (78.9) 0.085 0
Azithromycin 159 (85.9) 76 (84.4) 83 (87.4) 0.567 0
Steroids P 135 (73.0) 72 (80.0) 63 (66.3) 0.036 0
Tocilizumab 35 (18.9) 22 (24.4) 13 (13.7) 0.062 0
Antiviral therapy © 168 (90.8) 82 (91.1) 86 (90.5) 0.891 0
ACE II inhibitors 20 (10.8) 12 (13.3) 8 (84) 0.282 0
Other medications 176 (95.1) 86 (95.6) 90 (94.7) 0.796 0
Interventions at ICU, n (%)
Intubation 9 108 (59.3) 48 (53.9) 60 (64.5) 0.146 (3,1,2)
HENOT 86 (47.8) 45 (51.7) 41 (44.1) 0.305 (5,3,2)
Complications at ICU, n (%)
Respiratory insufficiency 3 (1.6) 2(2.2) 1(1.1) 0.529 0
Acute kidney injury 4(2.2) 1(1.1) 3(3.2) 0.339 0
ACS 2 (1.1) 1(1.1) 1(1.1) 0.969 0
ARDS 1(0.5) 0 1(1.1) 0.329 0
Sepsis 1(0.5) 0 1(1.1) 0.329 0
Median length of stay in
ICU per day, (IQR) 9.0 (5.0, 18.0) 10.5 (4.0, 19.0) 9.0 (6.0, 18.0) 0.901 0

2 Ferritin values were divided by 100 for easier presentation of the data.  Dexamethasone 6-12 mg via intravenous
line daily for a total of 10 days. ¢ Antiviral therapy included oseltamivir, ribavirin, ritonavir/lopinavir, and
favipiravir. ¢ Intubated cases were mechanically ventilated with lung protective strategies (low tidal volume
ventilation). Abbreviations: IQR, interquartile range; LDH, lactate dehydrogenase; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; CRP, C-reactive protein; HFNOT, high-flow nasal therapy; ACS, acute coronary
syndrome; ARDS, acute respiratory distress syndrome; ICU, intensive care unit.

3.3. Discharge Outcomes

Figure 1 shows discharge outcomes across the overall population and in Saudi and
non-Saudi populations. Among the 185 patients, 124 (67.0%) were discharged alive from
the ICU, and 61 (33.0%) died. The mortality rate in non-Saudi populations was twice as
high as that in Saudi populations, with a rate of 42.1% compared with 23.3% (p = 0.007).
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Figure 1. Discharge outcomes from the ICU across the overall population (n = 185) and in Saudis
(n = 90) and non-Saudis (n = 95). Discharge outcomes significantly differ between Saudis and
non-Saudis (p = 0.007).

3.4. Pridectors of Mortality

Table S1 (Supplementary Materials) presents the univariable analysis of predictors of
mortality. Among these predictors, five remained significantly associated with mortality
in the multivariable logistic regression model, as shown in Table 3. The OR of mortality
was 2.66 (95% CI: 1.05, 6.72) in non-Saudis compared with Saudis, 2.78 (95% CI: 1.04,
7.38) in diabetic patients compared with nondiabetic patients, 0.26 (95% CI: 0.07, 0.92) in
patients who had bacterial infection in the respiratory system compared with those who
had not, and 8.55 (95% CI: 2.92, 24.97) in intubated patients compared with nonintubated
patients. The OR of mortality increased by a factor of 1.0 for a 100 unit per pug/L increase
in ferritin (OR 1.01; 95% CI: 1.00, 1.02). Compared with complete data analysis, findings
from multivariable logistic regression of imputed data, as shown in Table 4, were nearly
identical except for patients with diabetes relative to those without diabetes (OR 2.14; 95%
CI: 0.95, 4.84).

Table 3. Predictors of mortality (complete data analysis).

Predictors OR (95% CI) p Value
Age 1.01 (0.97, 1.05) 0.441
Non-Saudi 2.66 (1.05, 6.72) 0.038
DM 2.78 (1.04, 7.38) 0.040
Ferritin 1.01 (1.00, 1.02) 0.034
Bacterial infection in the respiratory system 0.26 (0.07, 0.92) 0.037
Intubated 8.55(2.92,24.97) <0.001

Abbreviations: OR, odds ratio; CI, confidence intervals; DM, diabetes mellitus.

Table 4. Predictors of mortality (imputed data analysis).
Predictors OR p Value
Age 1.01 (0.98, 1.04) 0.364
Non-Saudi 2.43(1.12,5.28) 0.024
DM 2.14 (0.95,4.84) 0.067
Ferritin 1.01 (1.00, 1.02) 0.043
Bacterial infection in the respiratory system 0.28 (0.10, 0.77) 0.014
Intubated 10.01 (3.98, 25.15) <0.001

Abbreviations: OR, odds ratio; CI, confidence intervals; DM, diabetes mellitus.
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4. Discussion

During the first wave, the overall mortality rate of COVID-19 patients in the ICU was
33.0%. The mortality rate in non-Saudis (42.1%) was nearly twofold greater than that in
Saudis (23.3%). In the non-Saudi group relative to the Saudi group, some of the initial
symptoms and laboratory findings substantially differed. Non-Saudis were more likely
to be tachypneic, present with low oxygen saturation, have low levels of lymphocytes,
and have high levels of LDH, ALT, AST, and ferritin. Non-Saudj, ferritin, intubation, and
bacterial infection of the respiratory system were associated with ICU mortality.

Our overall rate of mortality from COVID-19 in the ICU during the first wave was
comparable to the global rate. In a 2021 systematic review comprising more than 43,000 ICU
patients, the global rate was estimated at 35.5% [17]. The Eastern Mediterranean mortality
rate in that study was 61.9%, and only four studies were included. These countries included
patients from Yemen, Kuwait, Israel, and Iran. A 2020 study from a single tertiary hospital in
Riyadh, Saudi Arabia, reported a mortality rate of 25.3%. In that report, the majority of the
included population was Saudis (77.3%) [18]. Another study carried out between April and
June 2020, comprising data from five tertiary hospitals of a private healthcare corporation
in Riyadh, Saudi Arabia, reported a mortality rate of 58.1% [19]. However, participants
were recruited without informed consent in that study. In our study, participants were
recruited on the basis of informed consent. Patients who have provided informed consent
could be healthier.

The difference in mortality rates between Saudis and non-Saudis was remarkable.
However, our findings suggest that non-Saudis, relative to Saudis, presented to the hospital
with severe symptoms and had poorer laboratory results during the first wave. While
racial disparities in healthcare are well documented across many regions [20-23], this
may not necessarily be the case in Saudi Arabia. In our region, all Saudi citizens and
non-Saudi residents of legal or illegal immigration status had full access to healthcare
facilities since 30 March 2020, including government and nongovernment hospitals [24].
This also included free-of-charge testing, quarantine accommodation, and provision of care
in primary and critical care settings. Rather, this difference may be related to disparities in
social determinants of health. The evidence indicates that the impact of social determinants
of health on population health is greater than that of healthcare [25-28]. Compared with
Saudis, non-Saudis are more likely to have lower income, less access to social support, and
more language barriers [29].

Our study revealed that non-Saudi status, ferritin, intubation, and evidence of bacterial
infection in the lungs were significant predictors of mortality. Ethnic minorities in many
regions are often at greater risk of death from COVID-19 than ethnic majorities [30-32].
For example, the risk of death from COVID-19 between March 2020 and February 2021 in
the United States was 1.6-7.2 times greater in Asian or Pacific Islander, Black, Latino, and
American Indian or Alaskan Native populations than in the White population [32]. Addi-
tionally, elevated levels of ferritin in earlier studies were associated with poor prognosis
in patients with COVID-19 [5,33,34]. According to a 2021 systematic review, the level of
ferritin in patients with COVID-19 was greater in non-survivors than in survivors, with
a mean difference of 912.1 (95% CI: 705.2, 1119.0; p < 0.001) [34]. Moreover, patients with
COVID-19 were at increased risk of death after intubation [35]. Increased age, ferritin levels,
and a past medical history of chronic kidney disease were significant predictors of mortality
following intubation in COVID-19 patients. The mortality rate was also 15.0% greater in
COVID-19 patients who received early intubation over noninvasive ventilation (NIV) than
in those who received only NIV [36]. Bacterial infection is also a significant predictor of
mortality in COVID-19 patients [37]. Secondary bacterial infection was associated with an
increased risk of mortality. However, our findings showed that bacterial infection in the
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respiratory system was associated with a reduced risk of mortality. This could be explained
by the fact that the majority of our patients received antibiotic (86.0%) and antiviral (91.0%)
therapy and that our investigated population may have responded well to such therapies.

Our study has important implications. Since the death rate in non-Saudis was higher
than that in Saudis during the first wave despite government support in healthcare for
both populations, more efforts should be made to improve social determinants of health for
non-Saudis. This includes improving their economic stability, neighborhood and physical
environment, and community engagement. Before this, qualitative work should be carried
out with non-Saudis to guide government initiatives.

Our findings should be interpreted in the context of their limitations. First, our
data date back to 2020, when much was unknown about COVID-19 and its treatment
interventions. Therefore, our findings should be contextualized against findings reported
in the initial phase of the pandemic. Second, since our study was a secondary data analysis,
many variables, such as the number of patients who received noninvasive ventilation, the
time of intubation (early or delayed), the duration of mechanical ventilation, the Sequential
Organ Failure Assessment (SOFA) score, and secondary infection, were not recorded.
As such, it is not clear whether these variables affect our mortality rate or predictors
of mortality. Other nonmedical variables that could be related to mortality, including
income, education, employment status, working life conditions, health insurance, and
social inclusion, were also not recorded. Third, our patients were recruited, which may
have led to underestimation or overestimation of the mortality rate. Finally, diabetes is a
known independent predictor of COVID-19-related mortality [38,39]. However, it was not
included in our imputed data. The reason for this could be related to the lack of statistical
power in our regression model. The number of included deaths in our model was 61.

5. Conclusions

The overall ICU mortality rate of patients with COVID-19 was comparable to the global
mortality rate during the initial phase of the pandemic. However, the rate of mortality was
twice as high in non-Saudis (42.1%) than in Saudis (23.3%). While both populations had
similar access to healthcare during the pandemic, the social determinants of health were
likely different between the two groups. Understanding the social determinants of health
across minority populations is important for guiding government initiatives.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/jcm14061915/s1, Table S1: Univariate analysis of predictors of
mortality.

Author Contributions: Conceptualization and methodology, S.A.A., TM.A., M.A.A. (Mohammed
A. Aljumaan) and M.S.A.; data collection, M.A.A. (Mohammed A. Aljumaan), A H.A.,, M.AA.
(Mohannad A. Alghamdi), M.A.A. (Mohammed A. Almulhim), S.Y.A. and S.A.-A ; formal analysis,
S.AA., AAAA. (Ahmad A. Alrawashdeh), A.A.A. (Abeer A. Alaohali), ].5.A. and B.W.; writing—
original draft, S.A.A., TM.A. and M.S.A; supervising and editing and revising the original draft,
EM.A, A.AA. (Abeer A. Alaohali), YA A, ]J.S.A. and B.W. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of IAU (Approval number: 2022-01-253;
Date: 23 June 2022). for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all the subjects involved in the
study, and the data obtained and investigated were maintained in a deidentified format.


https://www.mdpi.com/article/10.3390/jcm14061915/s1
https://www.mdpi.com/article/10.3390/jcm14061915/s1

J. Clin. Med. 2025, 14, 1915 9 of 10

Data Availability Statement: The dataset analyzed during the current study is available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  World Health Organization. Situation Report-1. January 2020. Available online: https://www.who.int/docs/default-source/
coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4 (accessed on 15 August 2024).

2. Hu, B.; Guo, H.; Zhou, P.; Shi, Z.-L. Characteristics of SARS-CoV-2 and COVID-19. Nat. Rev. Microbiol. 2021, 19, 141-154.
[CrossRef]

3. World Health Organization. Situation Report-51. March 2020. Available online: https://www.who.int/docs/default-source/
coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10 (accessed on 15 August 2024).

4. Worldometer Info. Coronavirus. Available online: https:/ /www.worldometers.info/coronavirus/ (accessed on 27 June 2024).

5. Zhou, F; Yu, T,; Du, R;; Fan, G; Liu, Y; Liu, Z; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054-1062.
[CrossRef]

6. Arentz, M.; Yim, E; Klaff, L.; Lokhandwala, S.; Riedo, F.X.; Chong, M.; Lee, M. Characteristics and outcomes of 21 critically ill
patients with COVID-19 in Washington State. JAMA 2020, 323, 1612-1614. [CrossRef]

7. Richardson, S.; Hirsch, ].S.; Narasimhan, M.; Crawford, J.M.; McGinn, T.; Davidson, K.W.; the Northwell COVID-19 Research
Consortium. Presenting characteristics, comorbidities, and outcomes among 5700 patients hospitalized with COVID-19 in the
New York City area. JAMA 2020, 323, 2052-2059. [CrossRef]

8.  Fajgenbaum, D.C,; June, C.H. Cytokine storm. NEJM 2020, 383, 2255-2273. [CrossRef]

9. Mulchandani, R.; Lyngdoh, T.; Kakkar, A.K. Deciphering the COVID-19 cytokine storm: Systematic Review and meta-analysis.
Eur. J. Clin. Investig. 2020, 51, e13429. [CrossRef]

10. Rica, R.D.; Borges, M.; Gonzalez, M. COVID-19: In the eye of the cytokine storm. Front. Immunol. 2020, 11, 558898.

11. Armstrong, R.A.; Kane, A.D.; Cook, T.M. Outcomes from intensive care in patients with COVID-19: A systematic review and
meta-analysis of observational studies. Anesthesia 2020, 75, 1340-1349. [CrossRef]

12.  Alshehry, N.; Zaidi, S.Z.A.; AlAskar, A.; Al Odayani, A.; Alotaibi, ]. M.; AlSagheir, A.; Al-Eyadhy, A.; Balelah, S.; Salam, A.; Zaidi,
A.R.Z; et al. Safety and efficacy of convalescent plasma for severe COVID-19: Interim report of a multicenter phase II study from
Saudi Arabia. Saudi J. Med. Med. Sci. 2021, 9, 16-23. [CrossRef]

13. Albalawi, M.; Zaidi, S.Z.A.; AlShehry, N.; AlAskar, A.; Zaidi, A.R.Z.; Abdallah, RN.M.; Salam, A.; AlSagheir, A.; AlMozain, N.;
Elgohary, G.; et al. Safety and efficacy of convalescent plasma to treat severe COVID-19: Protocol for the Saudi collaborative
multicenter phase II study. JMIR Res. Protoc. 2020, 9, €23543. [CrossRef]

14. General Authority for Statistics. The Sixteenth Services Guide 2017: Eastern Region. Available online: https://www.stats.gov.sa/
documents /20117 /2435275 / eastern_region_en.pdf/882fe5ae-7faa-a5c4-8381-87b2d688ee8f?t=1735057159027 (accessed on 29
August 2024).

15. King Fahad Hospital of the University. Intensive Care Unit. 2016. Available online: https://www.iau.edu.sa/en/university-
hospitals/king-fahd-hospital-of-the-university /medical-services /intensive-care-unit (accessed on 30 August 2024).

16. Alhazzani, W.; Al-Suwaidan, F; Al Aseri, Z.; Al Mutair, A.; Alghamdi, G.; Rabaan, A.; Algamdi, M.; Alohali, A.F,; Asiri, A.Y,;
Alshahrani, M.S.; et al. The saudi critical care society clinical practice guidelines on the management of COVID-19 patients in the
intensive care unit. Saudi Crit. Care J. 2020, 4, 27-44. [CrossRef]

17.  Armstrong, R.A ; Kane, A.D.; Kursumovic, E.; Oglesby, F.C.; Cook, T.M. Mortality in patients admitted to intensive care with
COVID-19: An updated systematic review and meta-analysis of observational studies. Anesthesia 2021, 76, 537-548. [CrossRef]
[PubMed]

18.  Abohamr, S.I.; Abazid, R.M.; Aldossari, M.A.; Amer, H.A.; Badhawi, O.S.; Aljunaidi, O.M.; Alzarzour, S.H.; Saadeddin, H.M.;
Bhat, EA.; Elsheikh, E. Clinical characteristics and in-hospital mortality of COVID-19 adult patients in Saudi Arabia. Saudi Med. ].
2020, 41, 1217-1226. [CrossRef]

19. AlMutair, A.; Al Mutairi, A.; Zaidi, A.R.Z,; Salih, S.; Alhumaid, S.; Rabaan, A.A.; Al-Omari, A. Clinical predictors of COVID-19
mortality among patients in intensive care units: A retrospective study. Int. |. Gen. Med. 2021, 14, 3719-3728.

20. Reed, D.D. Racial disparities in healthcare: How COVID-19 ravaged one of the wealthiest african american counties in the United
States. Soc. Work Public Health 2021, 36, 118-127. [CrossRef]

21. Lieberman-Cribbin, W.; Tuminello, S.; Flores, R.M.; Taioli, E. Disparities in COVID-19 testing and positivity in New York City.
Am. ]. Prev. Med. 2020, 59, 326-332. [CrossRef]

22. Tuyisenge, G.; Goldenberg, S.M. COVID-19, structural racism, and migrant health in Canada. Lancet 2021, 397, 650-652. [CrossRef]


https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://doi.org/10.1038/s41579-020-00459-7
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10
https://www.worldometers.info/coronavirus/
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1001/jama.2020.4326
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1056/NEJMra2026131
https://doi.org/10.1111/eci.13429
https://doi.org/10.1111/anae.15201
https://doi.org/10.4103/sjmms.sjmms_731_20
https://doi.org/10.2196/23543
https://www.stats.gov.sa/documents/20117/2435275/eastern_region_en.pdf/882fe5ae-7faa-a5c4-8381-87b2d688ee8f?t=1735057159027
https://www.stats.gov.sa/documents/20117/2435275/eastern_region_en.pdf/882fe5ae-7faa-a5c4-8381-87b2d688ee8f?t=1735057159027
https://www.iau.edu.sa/en/university-hospitals/king-fahd-hospital-of-the-university/medical-services/intensive-care-unit
https://www.iau.edu.sa/en/university-hospitals/king-fahd-hospital-of-the-university/medical-services/intensive-care-unit
https://doi.org/10.4103/sccj.sccj_15_20
https://doi.org/10.1111/anae.15425
https://www.ncbi.nlm.nih.gov/pubmed/33525063
https://doi.org/10.15537/smj.2020.11.25495
https://doi.org/10.1080/19371918.2020.1868371
https://doi.org/10.1016/j.amepre.2020.06.005
https://doi.org/10.1016/S0140-6736(21)00215-4

J. Clin. Med. 2025, 14, 1915 10 of 10

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Mathur, R.; Rentsch, C.T.; Morton, C.E.; Hulme, W.J.; Schultze, A.; MacKenna, B.; Eggo, R.M.; Bhaskaran, K.; Wong, A.Y.S,;
Williamson, E.J.; et al. Ethnic differences in SARS-CoV-2 infection and COVID-19-related hospitalization, intensive care unit
admission, and death in 17 million adults in England: An observational cohort study using the OpenSAFELY platform. Lancet
2021, 397, 1711-1724. [CrossRef]

Ministry of Health. The Kingdom of Saudi Arabia’s Experience in Health Preparedness and Response to COVID-19 Pandemic.
2020. Available online: https://www.moh.gov.sa/en/Ministry/MediaCenter /Publications/Documents/COVID-19-NATIONAL.
pdf (accessed on 18 November 2024).

Braveman, P; Gottlieb, L. The social determinants of health: It is time to consider the causes of the causes. Public Health Rep. 2014,
129, 19-31. [CrossRef]

Abrams, EMM.; Szefler, S.J. COVID-19 and the impact of social determinants of health. Lancet Respir. Med. 2020, 8, 659-661.
[CrossRef]

Burstrom, B.; Tao, W. Social determinants of health and inequalities in COVID-19. Eur. ]. Public Health 2020, 30, 617-618. [CrossRef]
[PubMed]

Raine, S.; Liu, A.; Mintz, J.; Wahood, W.; Huntley, K.; Haffizulla, F. Racial and ethnic disparities in COVID-19 outcomes: Social
determination of health. Int. J. Environ. Res. Public Health 2020, 17, 8115. [CrossRef] [PubMed]

Alkhamis, A.A. The association between insured male expatriates” knowledge of health insurance benefits and lack of access to
health care in Saudi Arabia. BMC Public Health 2018, 354, 354. [CrossRef] [PubMed]

Ayoubkhani, D.; Nafilyan, V.; White, C.; Goldblatt, P.; Gaughan, C.; Blackwell, L.; Rogers, N.; Banerjee, A.; Khunti, K.; Glickman,
M.; et al. Ethnic-minority groups in England and Wales-factors associated with the size and timing of elevated COVID-19
mortality: A retrospective cohort study linking census and death records. Int. J. Epidemiol. 2021, 49, 1951-1962. [CrossRef]
Drefahl, S.; Wallace, M.; Mussino, E.; Aradhya, S.; Kolk, M.; Brandén, M.; Malmberg, B.; Andersson, G. A population-based
cohort study of sociodemographic risk factors for COVID-19 deaths in Sweden. Nat. Commun. 2020, 11, 5097. [CrossRef]
Acosta, A.M.; Garg, S.; Pham, H.; Whitaker, M.; Anglin, O.; O’Halloran, A.; Milucky, J.; Patel, K.; Taylor, C.; Wortham, ]. Racial
and ethnic disparities in rates of COVID-19-associated hospitalization, intensive care unit admission, and in-hospital death in the
United States from March 2020 to February 2021. JAMA Netw. Open 2021, 4, €2130479. [CrossRef]

Cheng, L.; Li, H,; Li, L,; Liu, C; Yan, S.; Chen, H.; Li, Y. Ferritin in the coronavirus disease 2019 (COVID-19): A systematic review
and meta-analysis. J. Clin. Lab. Anal. 2020, 34, €23618. [CrossRef]

Shi, C.; Wang, L.; Ye, ].; Gu, Z.; Wang, S.; Xia, ].; Xie, Y.; Li, Q.; Xu, R.; Lin, N. Predictors of mortality in patients with coronavirus
disease 2019: A systematic review and meta-analysis. BMC Infect. Dis. 2021, 21, 663. [CrossRef]

Nishikimi, M.; Rasul, R.; Sison, C.P,; Jafari, D.; Shoaib, M.; Shinozaki, K.; Li, T.; Hayashida, K.; Rolston, D.M.; Hirsch, J.S.; et al.
Intubated COVID-19 predictive (ICOP) score for early mortality after intubation in patients with COVID-19. Sci. Rep. 2021, 11,
21124. [CrossRef]

Daniel, P.; Mecklenburg, M.; Massiah, C.; Joseph, M.A.; Wilson, C.; Parmar, P.; Rosengarten, S.; Maini, R.; Kim, J.; Oomen, A;
et al. Noninvasive positive pressure ventilation versus endotracheal intubation in treatment of COVID-19 patients requiring
ventilatory support. Am. J. Emerg. Med. 2021, 43, 103-108. [CrossRef]

Shafran, N.; Shafran, I.; Ben-Zvi, H.; Sofer, S.; Sheena, L.; Krause, L.; Shlomai, A.; Goldberg, E.; Sklan, E.H. Secondary bacterial
infection in COVID-19 patients is a stronger predictor for death compared to influenza patients. Sci. Rep. 2021, 11, 12703.
[CrossRef] [PubMed]

Tian, W.; Jiang, W.; Yao, J.; Nicholson, C.J.; Li, R.H.; Sigurslid, H.H.; Wooster, L.; Rotter, ].I.; Guo, X.; Malhotra, R. Predictors
of mortality in hospitalized COVID-19 patients: A systematic review and meta-analysis. |. Med. Virol. 2020, 92, 1875-1883.
[CrossRef] [PubMed]

Kumar, A.; Arora, A.; Sharma, P.; Anikhindi, S.A.; Bansal, N.; Singla, V.; Khare, S.; Srivastava, A. Is diabetes mellitus associated
with mortality and severity of COVID-19? A meta-analysis. Diabetes Metab. Syndr. 2020, 14, 535-545. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S0140-6736(21)00634-6
https://www.moh.gov.sa/en/Ministry/MediaCenter/Publications/Documents/COVID-19-NATIONAL.pdf
https://www.moh.gov.sa/en/Ministry/MediaCenter/Publications/Documents/COVID-19-NATIONAL.pdf
https://doi.org/10.1177/00333549141291S206
https://doi.org/10.1016/S2213-2600(20)30234-4
https://doi.org/10.1093/eurpub/ckaa095
https://www.ncbi.nlm.nih.gov/pubmed/32638998
https://doi.org/10.3390/ijerph17218115
https://www.ncbi.nlm.nih.gov/pubmed/33153162
https://doi.org/10.1186/s12889-018-5293-0
https://www.ncbi.nlm.nih.gov/pubmed/29544485
https://doi.org/10.1093/ije/dyaa208
https://doi.org/10.1038/s41467-020-18926-3
https://doi.org/10.1001/jamanetworkopen.2021.30479
https://doi.org/10.1002/jcla.23618
https://doi.org/10.1186/s12879-021-06369-0
https://doi.org/10.1038/s41598-021-00591-1
https://doi.org/10.1016/j.ajem.2021.01.068
https://doi.org/10.1038/s41598-021-92220-0
https://www.ncbi.nlm.nih.gov/pubmed/34135459
https://doi.org/10.1002/jmv.26050
https://www.ncbi.nlm.nih.gov/pubmed/32441789
https://doi.org/10.1016/j.dsx.2020.04.044
https://www.ncbi.nlm.nih.gov/pubmed/32408118

	Introduction 
	Materials and Methods 
	Study Design 
	Settings 
	Populations, Definitions, and Data Sources 
	Statistical Analysis 

	Results 
	General Characteristics 
	Clinical Characteristics 
	Discharge Outcomes 
	Pridectors of Mortality 

	Discussion 
	Conclusions 
	References

