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ABSTRACT
The ISARIC4C consortium developed and internally 
validated the 4C Score for prediction of mortality only 
in hospitalized patients. We aimed to assess the validity 
of the 4C Score in mortality prediction of patients with 
COVID- 19 who had been home isolated or hospitalized.
This retrospective cross- sectional study was performed 
after the first wave of COVID- 19. Data of all PCR- 
positive COVID- 19 patients who had been discharged, 
hospitalized, or died were retrospectively analyzed. 
Patients were classified into four risk groups according 
to the 4C Mortality Score. A total of (506) patients were 
classified as follows: low (57.1%), intermediate (27.9%), 
high (13%), and very high (2%) risk groups. Clinical, 
radiological, and laboratory data were significantly more 
severe in the high and very high- risk groups compared 
with other groups (p<0.001 for all). Mortality rate was 
correctly estimated by the model with 71% sensitivity, 
88.6% specificity, and area under the curve of 0.9. 
The mortality rate was underestimated among the very 
high- risk group (66.2% vs 90%). The odds of mortality 
were significantly greater in the presence of hypoxia (OR 
2.6, 95% CI 1.5 to 4.6, p<0.001) and high respiratory 
rate (OR 5.3, 95% CI 1.6 to 17.9, p<0.007), C reactive 
protein (CRP) (OR 3.5, 95% CI 1.8 to 6.8, p<0.001), and 
blood urea nitrogen (BUN) (OR 1.9, 95% CI 1.3 to 3.1, 
p<0.002). Other components of the model had non- 
significant predictions. In conclusion, the 4C Mortality 
Score has good sensitivity and specificity in early risk 
stratification and mortality prediction of patient with 
COVID- 19. Within the model, only hypoxia, tachypnea, 
high BUN, and CRP were the independent mortality 
predictors with the possibility of overlooking other 
important predictors.

INTRODUCTION
COVID- 19 is a pandemic infectious disease 
caused by the SARS- CoV- 2 coronavirus.1 To 
date, COVID- 19 is still claiming the lives of 
thousands of people worldwide. While most 
of the cases present with mild to moderate 
symptoms require no special treatment, a 
minority develop acute respiratory distress 
syndrome, multiorgan failure, or have fatal 
outcomes.2 The case mortality rate is highly 
variable, ranging from about 0.5% to 10%, 

and it is reported to be higher than 20% in 
hospitalized patients.2

One of the most important questions to be 
addressed in this pandemic is “what are the risk 
factors for severe illness or death?”.3 Currently, 
identification of clinical and laboratory markers 
to rapidly and accurately stratify the risk is 
warranted. This identification could guide and 
support clinical decision- making. At the onset 

Significance of this study

What is already known about this subject?
 ► The ISARIC4C consortium developed the 
4C Score to predict the mortality among 
hospitalized patients with COVID- 19.

 ► It was based on a prospective cohort study 
that included 74,944 consecutive patients 
across 260 hospitals across England, 
Scotland, and Wales.

 ► The 4C Mortality Score includes eight 
predictors of mortality: age, sex, number of 
comorbidities, respiratory rate, peripheral 
oxygen saturation, Glasgow Coma Scale, 
urea serum level, and C reactive protein 
level.

 ► The 4C Mortality Score ranges from 0 
to ≥15 and it divides patients into four risk 
groups: low (0–3), intermediate (4- 8), high 
(9- 14), and very high- risk groups (≥15). 
The corresponding predicted mortality is 
as follows: 1.2% for the low, 9.9% for 
the intermediate, 31.4% for the high, and 
61.5% for the very high- risk groups.

What are the new findings?
 ► The ISARIC4C score was mainly internally 
validated, and it predicted mortality only in 
hospitalized patients.

 ► In our study, we retrospectively applied 
this score on all confirmed COVID- 19 cases 
which are either home isolated or hospital 
admitted.

 ► Moreover, we assessed its external validity.
 ► As far as we know, the validity of the 
score in mortality prediction has been not 
previously assessed in Saudi Arabia.

http://jim.bmj.com/
http://orcid.org/0000-0003-0760-5013
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of the pandemic, there was a lack of COVID- 19- specific risk 
stratification tools. During the crisis, multiple prognostic scores 
have been launched by different researchers. The MuLBSTA 
score by Guo et al4 considered multilobar infiltrates, lympho-
cytic count ≤0.8×109/L, bacterial infection, smoking status, 
hypertension, and age ≥60 years as the poor prognostic factors. 
The COVID- 19‐Gram Critical Illness Risk Score,5 the Quick 
COVID- 19 Severity Index,6 and the COVID- 19 Severity Index7 
were all constructed to early identify hospitalized patients with 
an increased risk of critical illness and transfer to intensive care 
unit (ICU).

One mortality predictor score of hospitalized patients with 
COVID- 19 was developed by the ISARIC4C consortium 
and was termed as the Coronavirus Clinical Characterization 
Consortium Mortality Score (4C Mortality Score).8 It was based 
on a prospective cohort study that included 74,944 consecu-
tive patients across 260 hospitals. However, the use of these 
scoring models was mostly for hospitalized or critical patients, 
with none addressing patients ahead of admission. Moreover, 
they all have been internally but not externally validated. We 
still need a rapid and accurate tool to early stratify patients 
infected with COVID- 19 in clinical practice. Therefore, this 
study aimed to, first, determine the performance characteris-
tics and mortality prediction of one of the available prognostic 
models, the 4C Mortality Score, in patients with COVID- 19 at 
the time of diagnosis for both hospitalized and non- hospitalized 
patients. Second, to investigate potential components of this 
prognostic tool in mortality prediction.

PATIENTS AND METHODS
Study design
This was a retrospective cross- sectional study using an elec-
tronic medical record review. Clinical data sources were from 
King Khalid Hospital in Hail and Ibn Sina College Hospital in 
Jeddah.

Inclusion and exclusion criteria
The study included medical records of all adult patients 
with confirmed COVID- 19 infection who were diagnosed 
during the first wave (from March 2, 2020 when the first 
case in Saudi Arabia was confirmed until the end of August 
2020 when there was a marked drop in reported cases). 
They were either home isolated or admitted to hospitals 

including those admitted to ICU. A confirmed case of 
COVID- 19 was defined by a positive reverse transcrip-
tase- PCR (RT- PCR) assay of a nasopharyngeal swab asso-
ciated with compatible clinical manifestations. Incomplete 
electronic records were excluded from the analysis.

Data collection
Demographic, clinical, laboratory, radiological, and 
outcome data were collected by using a prespecified case 
report form. The demographic data included age, gender, 
nationality, and occupation. Clinical data included smoking 
status, history of travel or contact, and comorbidities in 
addition to the main presenting symptoms, signs, and admis-
sion data (home isolation, hospitalization, ICU). Laboratory 
data, ECG, and radiological reports were also extracted 
from the electronic medical records. Laboratory results 
included basic investigations and inflammatory markers. All 
clinical and laboratory information was collected starting 
from the first day of the presentation. Treatment received 
during home isolation or hospitalization was also collected. 
Treatment included lopinavir/ritonavir, anticoagulants, 
immunomodulatory therapy such as dexamethasone and 
interferon 1B, oxygen therapy, and ventilatory support 
(invasive or non- invasive mechanical ventilation). Outcome 
data included mainly mortality during the period of home 
isolation or hospitalization.

Scoring system: the 4C Mortality Score
We choose the 4C Mortality Score because it is valid, simple, 
easy- to- use, freely available, could be applicable retrospec-
tively, and it is based on commonly available parameters at 
presentation. It includes eight predictors of mortality: age, 
sex, number of comorbidities, respiratory rate, peripheral 
oxygen saturation, Glasgow Coma Scale (GCS), urea serum 
level, and C reactive protein level.8 Scoring was performed 
as follows: 0 for 18–49 years old, 2 for 50–68 years old, 4 
for 70–79 years old, and 7 for ≥80 years old, 1 for males, 
0 for females, 1 for 1 comorbidity, 2 for ≥2 comorbidities, 
0 for respiratory rate <20, 1 for 20–29 scores, 2 for ≥30, 
0 for oxygen saturation >92%, 2 for <92%, scores 2 for 
GCS <15, 0 for urea <7 mmol/L, 1 for 7–14 mmol/L, 3 
for >14 mmol/L, 0 for CRP <50 mg/dL, 1 for 50–99 mg/
dL, and 2≥100 mg/dL.

The 4C Mortality Score ranges from 0 to ≥15 and it 
divides patients into four risk groups: low (0–3), interme-
diate (4–8), high (9–14), and very high- risk groups (≥15). 
The corresponding predicted mortality is as follows: 1.2% 
for the low, 9.9% for the intermediate, 31.4% for the high, 
and 61.5% for the very high- risk groups.

Ethical issue
The authors ensured confidentiality of all obtained data 
from patients’ medical records. The study received ethical 
approval from the Ethics Committee for Research at Ibn 
Sina National College for Medical Studies, Jeddah, Saudi 
Arabia as well as the local institutional review board in Hail 
health affairs via review according to KACST GCP regula-
tions (IRB registration number H- 08- L- 074).

Statistical analysis
Statistical data were analyzed, and figures were constructed 
by SPSS software (V.22.0; SPSS). Data were reported as the 

Significance of this study

How might these results change the focus of research 
or clinical practice?

 ► The 4C Mortality Score performed relatively well in early 
risk stratification of patients with COVID- 19 with good 
sensitivity and specificity in mortality prediction.

 ► Within the score, hypoxia, tachypnea, high BUN, and 
CRP were the significant independent predictors of 
mortality.

 ► There is a possibility to consider other important early 
predictors especially D- dimer. Still, there is an urgent 
need for a better scoring system that can be used in 
early stages to help in decision- making to stratify those 
at high risk that may require more careful assessment 
and earlier intervention.
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number and the frequency for categorical variables or the 
median and the IQR for abnormally distributed numer-
ical variables. For comparisons of the four risk groups, 
the χ2 test and the non- parametric test (Kruskal- Wallis H 
test) were used according to the tested variables. The diag-
nostic accuracy of the likelihood of mortality (sensitivity, 
specificity, and area under the curve) of the 4C Mortality 
Score was performed using the receiver operating char-
acteristic (ROC) curve. Logistic regression analysis was 
performed to ascertain the effects of the eight components 
of the 4C Mortality Score on the likelihood of mortality 
from COVID- 19 with the estimation of the exponential 
beta which was considered as the OR and the 95% CI. All 
significance tests were two tailed and were conducted at a 
minimum of 0.05 level.

RESULTS
A total of 573 medical records of patients with COVID- 19 
were reviewed and 67 records were excluded due to 
incomplete data. Finally, a total of 506 medical records 
were included; 67% were aged less than 50, 67.2% were 
females, 43.8% were Saudis, 22.3% were smokers, 34.7% 
were healthcare workers, and 20.2% had jobs. According 
to the 4C Mortality Score, they were classified into low 
289 (57.1%), intermediate 141 (27.9%), high 66 (13%), 
and very high 10 (2%) risk groups. There were statisti-
cally significant differences between all groups regarding 
their age, gender, nationality, occupation, and the number 
of comorbidities. The old jobless Saudi males with 

comorbidities predominated significantly in the high- risk 
groups (p<0.001 for all) (table 1).

There was a statistically significant difference in the clin-
ical and radiological characteristics of patients in different 
risk groups. Mild symptoms like sore throat, myalgia, gastro-
intestinal symptoms, and runny nose predominated signifi-
cantly in the low and intermediate- risk groups, while severe 
symptoms like cough (p<0.008) and dyspnea (p<0.001) 
predominated in the high- risk groups. Similarly, bilateral 
involvement of the lung was statistically significantly higher 
in high- risk groups compared with other groups (p<0.001 
for all) (table 2).

Leukocytosis, lymphopenia, thrombocytopenia, and 
inflammatory markers were significantly higher in the very- 
high risk group compared with other groups (p<0.001 for 
all) (table 3).

Out of 506, 233 (46%) patients were hospitalized with 
42 (8.3%) needed ICU on admission. About 84% of the 
low- risk group were isolated at home, while the remaining 
15.9% were admitted to the hospital. Most of the interme-
diate group were hospitalized (68.7%) with 8% admission 
to ICU. While 9.6% of the high- risk group were isolated 
at home, 61.6% were hospitalized and 28.8% admitted 
to ICU. Ninety per cent of the very high- risk group was 
admitted to the ICU. Patients received different modalities 
of therapy according to the local Saudi Ministry of Health 
protocol.9 Of note, dexamethasone was given to seven cases 
and interferon- beta 1b was given to one patient in the low- 
risk group (table 4).

Table 1 Baseline demographic characteristic data of the different COVID- 19 risk groups

Low risk
n=289

Intermediate risk
n=141

High risk
n=66

Very high risk
n=10 P value

  Risk groups 289 (57.1) 141 (27.9) 66(13) 10(2) <0.001

  Age groups (years) 18–49 275 (95.2) 64 (45.4) 1 (1.5) 0 (0) <0.001

50–59 14 (4.8) 51 (36.2) 8 (12.1) 0 (0)

60–69 0 (0.0) 23 (16.3) 22 (33.3) 2 (20)

70–79 0 (0.0) 3 (2.1) 17 (25.8) 4 (40)

>=80 0 (0.0) 0 (0) 18 (27.3) 4 (40)

  Gender Male 80 (27.2) 53 (37.6) 26 (39.4) 7 (70) 0.006

Female 209 (72.3) 88 (62.4) 40 (60.6) 3 (30)

  Nationality Non- Saudi 184 (64.1) 81 (54.7) 17 (25.8) 1 (10) <0.001

Saudi 103 (35.9) 60 (42.6) 49 (74.2) 9 (90)

  Job Jobless 93 (32.2) 68 (48.2) 58 (87.9) 10(100) <0.001

Working 42 (14.5) 53 (37.6) 7 (10.6) 0 (0)

HCW 154 (53.3) 20 (14.2) 1 (1.5) 0 (0)

  Smoking 69 (23.9) 29 (20.6) 14 (21.2) 1 (10) 0.665

  History of contact 118 (40.8) 37 (26.2) 20 (20.3) 4 (40) 0.021

  History of travel 2 (0.7) 0 (0.0) 2 (3) 0 (0) 0.141

  Number of comorbidities No 230 (79.6) 33 (23.4) 4 (6.1) 0 (0) <0.001

1 46 (15.9) 44 (31.2) 8 (12.1) 0 (0)

≥2 13 (4.6) 64 (45.4) 54 (81.8) 10(100)

Comorbidities (n (%)) HTN 37 (12.8) 75 (53.2) 56 (84.8) 10(100) <0.001

Diabetes 16 (5.5) 70 (49.6) 49 (74.2) 9 (90) <0.001

Cardiac 1 (0.3) 14 (9.9) 25 (37.9) 3 (30) <0.001

Renal 6 (2.1) 21 (14.9) 24 (36.4) 5 (50) <0.001

Chest diseases 3 (1) 7 (5) 10 (15.2) 3 (30) <0.001

Others 9 (3.1) 13 (9.2) 18 (27.3) 6 (60) <0.001

HGW, healthcare worker; HTN, hypertension.



4 Mohamed RAE, et al. J Investig Med 2021;0:1–7. doi:10.1136/jim-2021-001940

Original research

The total mortality recorded was 31 cases (6.1%) with 
no reported mortality in the low- risk group. Mortality 
increased significantly across other risk groups (4.4%, 
19.7%, and 90% respectively) with only one patient 
from the very high- risk group who survived. Of note, this 
patient was an elderly hospitalized, non- Saudi woman 

with hypertension and chronic renal disease. She was not 
mechanically ventilated. Compared with actual mortality, 
the 4C overestimated the mortality in all groups except 
the very high- risk group, where there was underestimation 
(1.2% vs 0%, 9.9% vs 4.4%, 34.9 vs 19.7%, 66.2% vs 90%, 
respectively) (p<0.001) (table 4).

Table 2 Baseline clinical and radiological characteristics of patients with COVID- 19 in different risk groups

N (%)
Low risk
n=289

Intermediate risk
n=141

High risk
n=66

Very high risk
n=10 P value

Symptoms

Fever 269 (93.1) 135 (95.7) 63 (95.5) 10 (100) 0.551

Cough 212 (73.4) 120 (85.1) 55 (83.3) 10 (100) 0.008

Dyspnea 61 (12.1) 93 (66) 44 (66.7) 8 (80) <0.001

Sore throat 77 (26.6) 35 (24.8) 8 (12.1) 1 (10.0) 0.061

Runny nose 51 (17.6) 14 (9.9%) 2 (3) 1 (10) 0.007

Headache 60 (20.8) 9 (6.4) 8 (12.1) 2 (20) 0.001

Loss taste, smell 9 (3.1) 6 (4.3) 1 (1.5) 1 (10) 0.484

Vomiting/diarrhea 15 (5.2) 7 (5) 4 (6.1) 1 (10) 0.908

Myalgia 128 (44.3) 59 (41.8) 18 (27.3) 4 (40) 0.092

Signs: median (IQR)

Pulse 94 (10) 96 (16) 100.5 (16.25) 101.5 (16.25) <0.001

Temperature 37.9 (0.8) 37.9 (1) 38.6 (0.9) 38.7 (0.85) <0.001

SBP 129 (12) 125 (17) 128 (20.5) 125 (30.25) <0.001

DBP 73 (13) 69 (19) 69 (17.75) 68 (16.75) <0.001

RR 19 (1) 20(3) 20 (3) 23 (6.75) <0.001

GCS<15 (n (%)) 0 (0) 0 (0) 0 (0) 3 (3.9) <0.001

Saturation 96 (1) 94 (14.25) 93 (6) 82 (4.75) <0.001

Long QT (n (%)) 1 (0.3) 6 (4.3) 6 (9.1) 0 (0) <0.001

Abnormal chest X- ray (n (%))

Unilateral finding 8 (2.8) 18 (12.8) 10 (15.2) 0 (0) <0.001

Bilateral findings 43 (14.9) 83 (58.9) 48 (72.7) 10 (100) <0.001

DBP, diastolic blood pressure; GCS, Glasgow Coma Scale; RR, respiratory rate; SBP, systolic blood pressure.

Table 3 Baseline laboratory characteristics of patients with COVID- 19 in different risk groups

Low risk
n=289

Intermediate risk
n=141

High risk
n=66

Very high risk
n=10 P value

Laboratory data: median (IQR)

WBC (×109/L) 7.00 (3.36) 7.71 (4.16) 9.32 (4.998) 11.57 (5.81) <0.001

Lymphocyte (%) 27.95 (9.6) 27 (16.8) 17.09 (15.1175) 7.02 (8.19) <0.001

HB (gm/dL) 13.3 (1.51) 13.2 (2.7) 12.62 (3.96) 9.89 (3.49) <0.001

Platelets (×109/L) 259.7 (108) 247(133) 224.15 (116.4) 167 (115.55) 0.023

Urea (mg/dL) 5.67 (2.2) 7.40 (6.9) 10.85 (10.8) 23.05 (11.25) <0.001

Creatine (mmol/L) 79 (27.5) 83.3 (41.104) 113.47 (186.36) 321.9 (267.3) <0.001

ALT (U/L) 25 (15.1) 26 (22.75) 27(42) 36(23) 0.184

AST (U/L) 21 (12.95) 26.9 (18.3) 28 (30.4) 50.3 (59) <0.001

INR (%) 1 (0.1) 1 (0.1) 1.1 (0.2) 1.2 (0.2) 0.003

Inflammatory markers: median (IQR)

D- dimer 0.75 (0.41) 0.90 (1.045) 1.31 (1.27) 0.75 (1.03) <0.001

LDH (U/L) 318 (148) 299.50 (144) 356 (232) 318 (392.7) <0.001

Ferritin (ng/mL) 318 (141.25) 449.5 (525.75) 483 (489) 318 (585.6) <0.001

Lactate (mmol/L) 1.6 (0.7) 1.8 (0.6) 1.9 (0.85) 2.7 (1.1) <0.001

CPK (ng/mL) 128 (38.25) 144.5 (91.75) 162 (149) 128 (651) <0.001

Troponin (ng/mL) 0.01 (0) 0.01 (0) 0.01 (0.011) 0.02 (0.25) <0.001

CRP (mg/L) 1.5 (1.3d) 3.4 (8.6) 6.26 (9.38) 13.13 (4.62) <0.001

AST, alanine; CPK, creatine phosphokinase; CRP, C reactive protein; HB, hemoglobin; INR, international normalization ratio; LDH, lactic dehydrogenate; WBC, white 
blood cell.
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The ROC curve of the 4C estimated mortality at cut- off 
value of 2.5 estimated mortality (table 5) which corresponds 
to the high- risk group. It showed a good predictivity with 71% 
sensitivity, 88.6% specificity, and 0.9 area under the curve 
(95% CI 0.859 to 0.954, and p<0.001). The score correctly 
estimated 95.3% of the mortality (figure 1 and table 5).

The logistic regression model of the prediction of the 
mortality using the 4C individual scores was statistically 
significant, χ2(8)=142.8, p<0.001. The model explained 
64% (Nagelkerke R2) of the variance in mortality and 
correctly classified 97.4% of cases. The risk of mortality 
was significantly greater in the presence of hypoxia (OR 
2.6, 95% CI 1.5 to 4.6, p<0.001) and high respiratory rate 
(OR 5.3, 95% CI 1.6 to 17.9, p<0.007), CRP (OR 3.5, 
95% CI 1.8 to 6.8, p<0.001), and BUN (OR 1.9, 95% CI 
1.3 to 3.1, p<0.002) (table 6).

DISCUSSION
In this study, patients with COVID- 19 from two centers in 
Saudi Arabia were classified retrospectively using the 4C 
Mortality Score into four distinct risk groups, where the 
severity and mortality of the disease increased progressively 
across them. The 4C Score showed a good sensitivity and 
specificity with an underestimation of mortality among the 
very high- risk group. The risk of mortality was significantly 
greater in the presence of four out of eight components of the 
4C Score with the possibility of overlooking other significant 
predictors.

For the first COVID- 19 peak, Saudi Arabia recorded a 
total of 316,700 confirmed cases on August 31, 2020, with 
a total of 3897 recorded deaths and a 1.26% fatality rate 
with the maximum peak on June 7.9–11 This death rate is 
much lower than our results (6.1%) which could be simply 
explained by our study design as we extracted data without 
randomization and almost half of our patients were hospi-
talized. However, in support of our results, the mortality 
rate among hospitalized patients reached up to 20%.2

In this study, the 4C Score provided an acceptable specificity 
and sensitivity in mortality prediction among all patients. This 
will support its external validity as it had been validated inter-
nally.8 Compared with our study, an Italian study12 reported 
nearly similar sensitivity (88.1% vs 71%) but lower specificity 
(55.9% vs 88.6%). The same study considered this score as the 
most accurate mortality predictor compared with other scores 
like COVID- 19‐Gram Critical Illness Risk Score,5 National 
Early Warning Score,13 and Quick COVID- 19 Severity Index.6 
Unfortunately, the 4C Score underestimated mortality risk 

Table 4 Admission, drugs, and mortality of patients with COVID- 19 in different risk groups

Low risk
n=289

Intermediate risk
n=141

High risk
n=66

Very high risk
n=10 P value

  Admission   Home 232 (84.1) 34 (23.1) 7 (9.6) 0 (0) <0.001

  Hospital 44 (15.9) 101 (68.7) 45 (61.6) 1 (10) <0.001

  ICU 0 (0.0) 12 (8.2) 21 (28.8) 9 (90) <0.001

NIV/MV   NIV 1 (0.3) 13 (9.2) 10 (15.2) 0 (0) <0.001

  MV 0 (0.0) 8 (5.7) 17 (25.8) 9 (90) <0.001

  Both 0 (0.0) 3 (2.1) 0 (0) 0 (0) <0.001

  Hydroxychloroquine 269 (93.1) 88 (62.4) 35 (53) 1 (10) <0.001

  Lopinavir/ritonavir 11 (3.8) 45 (31.9) 23 (34.8) 9 (90) <0.001

  Ribavirin 3 (1) 21 (14.9) 23 (34.8) 9 (90) <0.001

  Dexamethasone 11 (3.8) 38 (27.1) 34 (51.5) 8 (80) <0.001

Interferon- beta 1b 1 (0.4) 8 (5.7) 6 (9.1) 1 (10) <0.001

Anticoagulant 27 (9.4) 71 (51.8) 53 (81.5) 10 (100) <0.001

Actual mortality 0 (0) 9 (6.4) 13 (19.7) 9 (90) <0.001

Estimated mortality 1.2% 9.9% 31.4% 61.5% <0.001

ICU, intensive care unit; MV, mechanical ventilation; NIV, non- invasive ventilation.

Table 5 Coordinates of the overall ROC curve

Positive if greater than or equal to* Sensitivity 1–Specificity

0.000 1.000 1.000

1.5 (intermediate- risk group) 1.000 0.392

2.5 (high- risk group) 0.710 0.114

3.5 (very high- risk group) 0.290 0.002

5.0 0.000 0.000

*The smallest cut- off value is the minimum observed test value plus 1. All 
the other cut- off values are the average of two consecutive ordered observed 
test values.

1.00.80.60.40.20.0
0.0

0.2

0.4

0.6

0.8

1.0
ROC Curve

Specificity

S
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Figure 1 The receiver operating characteristic (ROC) curve for 
sensitivity, specificity and area under the curve (AUC) for the 
estimated predicted mortality by the 4C Mortality Score.
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among the very high- risk group with overestimation in other 
risk groups. Overestimation but not underestimation of risk 
among our patients is expected as the scoring model is based 
mainly on data of the admitted patients.

The 4C Score supported the physicians’ decision for admis-
sion with few exceptions as 16% of the low- risk group were 
hospitalized and 10% of the high- risk group were isolated at 
home. This may reflect improper risk stratification either by 
physicians or by the scoring model. The founders of the score 
recommended against its use for admission decision.8 The 
4C score supported the physicians’ decision for treatment as 
well. However, dexamethasone was given to seven cases in the 
low- risk group. Again, this could reflect a problem in the risk 
stratification by physicians as WHO recommended the use of 
corticosteroids in the most seriously ill patients.14

Among its eight components, only hypoxia, tachypnea, high 
blood urea nitrogen (BUN), and CRP were the significant inde-
pendent predictors of mortality. In our study, the respiratory 
rate was the best predictor and had a high probability in the 
prediction of mortality. Miller et al15 found that early evalua-
tion and monitoring of respiratory rate may be a useful indi-
cator of prognosis and could be a part of the protocol used 
by medical professionals to identify individuals who could be 
home isolated or hospital admitted.

Results showed that BUN levels were increasing readily 
throughout the groups, indicating a worsening of renal func-
tion is proportional to the disease severity regardless of their 
pre- existing renal function status. Many autopsy data showed 
virus particles present in renal endothelial cells that may 
directly cause endothelial damage. The virus directly infects 
renal tubular epithelium and podocytes causing mitochondrial 
dysfunction and acute tubular necrosis.16 Other postulated 
mechanisms are renal hypoperfusion due to the low cardiac 
output caused by left ventricular failure, as well as right ventric-
ular failure caused by sepsis from COVID- 19 pneumonia leads 
to renal congestion.17

Although acute phase reactants, including CRP, are consid-
ered non- specific, they are reported as sensitive markers of acute 
COVID- 19 disease. In this study, CRP levels were progressively 
increased with disease severity. Many studies showed that an 
elevated CRP was associated with poor outcomes and needs for 
ICU care.18 The cut- off values for elevated serum CRP varied 
widely among the studies. Many studies suggested elevated 
CRP (⩾10 mg/L) levels are associated with poor outcome.19

Oxygen saturation of ≤92% was one of the most powerful 
predictors in our study. Petrilli et al found that SaO2 <88% on 

admission was associated with mortality.20 In our study, the very 
high- risk group showed early hypoxia on admission, suggesting 
their late presentation to the hospital. This implies that we need 
a better, faster way to recognize hypoxemia in the community 
setting, which becomes challenging in the context of the “silent 
hypoxemia” that many patients with COVID- 19 experience 
early in the course of the disease.21

Despite old males dominated significantly in the high- risk 
groups and the 4C model assigned an increased risk value for 
older aged male patients, age and gender were insignificant 
mortality predictors in our results. This might be explained by 
the inclusion of 67.2% females younger than 50 years in our 
study. Cunningham et al22 demonstrated that age has no signifi-
cant correlation with the severity and mortality in patients with 
COVID- 19. They concluded that age may not be considered 
as an independent factor in the scores dataset or needed to 
be calibrated with referencing to comorbidity. On the other 
hand, Peckham et al23 found that while males and females are 
at equivalent risk of infection, male sex is associated with the 
development of severe disease and death.

In this study, the number of comorbidities did not show 
significant mortality prediction. Inclusion of the number and 
not the type of comorbidity may be the reason for its limited 
predictability in the 4C model. Among our patients, hyperten-
sion was the most prevalent significant comorbid risk factor in 
all groups, especially among the two high- risk groups (84% 
and 100%, respectively). Similarly, in the Lombardy region of 
Italy, among 1591 ICU COVID- 19 patients, 49% of them had 
hypertension.24 The causal relationship between hypertension 
and COVID- 19 or its severity may be related to associated 
comorbidities and aging.

In our study, GCS was not much affected at presentation as 
only three cases in the very high- risk group showed an abnor-
mality in the level of GCS. The impairment of consciousness in 
patients with COVID- 19 is multifactorial in a context that typi-
cally combines sepsis, severe hypoxemia, multiorgan failure, 
ICU complication, and toxic or metabolic encephalopathy. All 
these complications are usually late in the disease course.

As pointed out by Wynants et al, “unreliable predictors 
could cause more harm than benefit in guiding clinical deci-
sions”.25 Many other hematologic, biochemical and immune 
biomarker abnormalities, which are not included in the score, 
are associated with severe illness and mortality in COVID- 19, 
and therefore, they might aid in the early classification of risk 
and prediction of mortality.26 In our study, the lymphocytic 
count, the D- dimer, lactate dehydrogenase (LDH), ferritin, 
troponin, and creatine phosphokinase levels all showed signifi-
cantly higher levels across risk groups. Of particular interest the 
International Society of Thrombosis and Hemostasis recom-
mended that patients with COVID- 19 with markedly elevated 
D- dimer levels should be considered for hospitalization early in 
the course of the diseases irrespective of the severity of clinical 
presentation.27 Unfortunately, the ISARIC 4C model did not 
assess predictors such as LDH or D- dimer due to their limited 
availability.8 The most important outcome of early identifica-
tion and risk stratification of patients is to choose the best ther-
apeutic intervention as well as prevention of the side effect of 
unnecessary drugs. Unfortunately, our results showed that there 
were both an overestimation and underestimation of treatment 
in some groups as dexamethasone was given to 11 cases and 
interferon- beta 1b was given to one patient in the low- risk 
groups. Moreover, one case of very high- risk group was not 

Table 6 Significant predictors of COVID- 19 mortality within the 
4C Mortality Score (multivariate logistic regression analysis)

Independent score OR 95% CI for OR P value

Gender 1.057 0.330 to 3.387 0.926

Age 1.164 0.909 to 1.491 0.230

Hypoxia 2.538 1.432 to 4.497 0.001

Urea 1.942 1.253 to 3.009 0.003

CRP 3.449 1.797 to 6.621 <0.001

RR 5.279 1.560 to 17.861 0.007

Comorbidity 1.576 0.665 to 3.736 0.302

Constant <0.001 <0.001

The variable score was used, R2=0.64, Glasgow Coma Scale not applicable 
(NA).



7Mohamed RAE, et al. J Investig Med 2021;0:1–7. doi:10.1136/jim-2021-001940

Original research

admitted to ICU. A recent systematic review and meta- analysis 
study on pregnant patients with a confirmed COVID- 19 infec-
tion suggests that overuse of some drugs specially antibiotics 
was associated with adverse pregnancy outcomes.28 The same 
study concluded that avoiding unnecessary treatments in preg-
nant women with COVID- 19 by risk stratification may improve 
maternal and clinical outcomes.

Limitation
This study had some potential limitations to be considered while 
interpreting the results. First, the retrospective cross- sectional 
study design is commonly carried out during outbreaks and 
epidemics but still some confounders could be missed causing 
bias. We were unable to capture all relevant data or review all 
follow- up data. Also, we were unable to ensure good compli-
ance with the local management protocol, especially among the 
home isolated patients. Prediction of mortality was made retro-
spectively with knowledge of outcome data which introduces 
bias. Second, the small sample size from only two centers could 
limit the generalization of the results to the whole kingdom.

CONCLUSION
In conclusion, the 4C Mortality Score can early characterize 
patients with COVID- 19 with good sensitivity and specificity 
in mortality prediction. Within the score, hypoxia, tachypnoea, 
high BUN, and CRP were the significant independent predic-
tors of mortality. Future prospective studies with larger sample 
sizes from multicenters are warranted to validate our results and 
to support the external validity of the score system on different 
COVID- 19 strains.

Acknowledgements The authors would like to thank Mr Ahmed Islam 
Badawe for his technical support in data extraction and proofreading.

Contributors Study conception and design: RAEM and IS. Acquisition of 
data: EMA and HSAJ. Analysis and interpretation of data: IS, HMM, KH, and 
EBR. Drafting of manuscript: RAEM, IS, HMM, and EMA. Critical revision: IS, 
RAEM, HMM, EMA, HSAJ, and EBR. Guarantor: RAEM.

Funding The authors have not declared a specific grant for this research from 
any funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval This study has been approved by the Ethics Committee for 
Research at Ibn Sina National College for Medical Studies (H- 04–24122020), 
Jeddah, Saudi Arabia as well as the local institutional review board in Hail 
health affairs via review according to KACST GCP regulations (IRB registration 
number H- 08- L- 074).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and 
are not publicly available. All data relevant to the study are included in the 
article or uploaded as supplementary information. The authors confirm that 
the data supporting the findings of this study are available within the article 
and its supplemental material.

This article is made freely available for use in accordance with BMJ’s website 
terms and conditions for the duration of the covid- 19 pandemic or until 
otherwise determined by BMJ. You may use, download and print the article for 
any lawful, non- commercial purpose (including text and data mining) provided 
that all copyright notices and trade marks are retained.

ORCID iD
Rehab Abd Elfattah Mohamed http:// orcid. org/ 0000- 0003- 0760- 5013

REFERENCES
 1 Wu F, Zhao S, Yu B, et al. A new coronavirus associated with human respiratory 

disease in China. Nature 2020;579:265–9.

 2 Abate SM, Ahmed Ali S, Mantfardo B, et al. Rate of intensive care unit 
admission and outcomes among patients with coronavirus: a systematic review 
and meta- analysis. PLoS One 2020;15:e0235653.

 3 WHO. WHO Coronavirus disease 2019 (COVID- 19) situation report - 78, 2020. 
Available: https://www. who. int/ docs/ default- source/ coronaviruse/ situation- 
reports/ 20200407- sitrep- 78- covid- 19. pdf? sfvrsn= bc43e1b_2

 4 Guo L, Wei D, Zhang X, et al. Clinical features predicting mortality risk 
in patients with viral pneumonia: the MuLBSTA score. Front Microbiol 
2019;10:2752.

 5 Liang W, Liang H, Ou L, et al. Development and validation of a clinical risk 
score to predict the occurrence of critical illness in hospitalized patients with 
COVID- 19. JAMA Intern Med 2020;180:1081–9.

 6 Haimovich AD, Ravindra NG, Stoytchev S, et al. Development and validation 
of the quick COVID- 19 severity index: a prognostic tool for early clinical 
decompensation. Ann Emerg Med 2020;76:442–53.

 7 Huespe I, Carboni Bisso I, Di Stefano S, et al. COVID- 19 severity index: a 
predictive score for hospitalized patients. Med Intensiva 2020. doi:10.1016/j.
medin.2020.12.001. [Epub ahead of print: 29 Dec 2020].

 8 Gupta RK, Harrison EM, Ho A, et al. Development and validation of the ISARIC 
4C deterioration model for adults hospitalised with COVID- 19: a prospective 
cohort study. Lancet Respir Med 2021;9:349–59.

 9 Kingdom of Saudi Arabia ministry of health COVID- 19 guidelines. Available: https://
www. moh. gov. sa/ en/ Ministry/ MediaCenter/ Publications/ Pages/ covid19. aspx

 10 Kingdom of Saudi Arabia Ministry of health Covid- 19 data. Available: https:// 
covid19. moh. gov. sa/

 11 Alyami MH, Naser AY, Orabi MAA. Epidemiology of COVID- 19 in the Kingdom 
of Saudi Arabia: an ecological study. Front Public Health 2020;17:8–506.

 12 Covino M, De Matteis G, Burzo ML, et al. Predicting in- hospital mortality in 
COVID- 19 older patients with specifically developed scores. J Am Geriatr Soc 
2021;69:37–43.

 13 Morgan RJM, Williams F, Wright MM. Early warning scoring system for 
detecting developing critical illness. Clin Intensive Care 1997;8:100 https://
www. medigraphic. com/ cgi- bin/ new/ resumenI. cgi? IDARTICULO= 89085

 14 WHO. Who corticosteroids for COVID- 19, 2020. Available: https://www. who. 
int/ publications/ i/ item/ WHO- 2019- nCoV- Corticosteroids- 2020.1

 15 Miller DJ, Capodilupo JV, Lastella M, et al. Analyzing changes in respiratory rate 
to predict the risk of COVID- 19 infection. PLoS One 2020;15:e0243693.

 16 Varga Z, Flammer AJ, Steiger P, et al. Endothelial cell infection and endotheliitis 
in COVID- 19. Lancet 2020;395:1417–8.

 17 Larsen CP, Bourne TD, Wilson JD, et al. Collapsing glomerulopathy in a patient 
with COVID- 19. Kidney Int Rep 2020;5:935–9.

 18 Zhao W, Yu S, Zha X. Clinical characteristics and durations of hospitalized 
patients with COVID- 19 in Beijing: a retrospective cohort study. Medrxiv 2021.

 19 Thachil J, Tang N, Gando S, et al. ISTH interim guidance on recognition 
and management of coagulopathy in COVID‐19. J Thromb Haemost 
2020;18:1023–6.

 20 Petrilli CM, Jones SA, Yang J, et al. Factors associated with hospital admission 
and critical illness among 5279 people with coronavirus disease 2019 in New 
York City: prospective cohort study. BMJ 2020;369:m1966.

 21 Dhont S, Derom E, Van Braeckel E, et al. The pathophysiology of ’happy’ 
hypoxemia in COVID- 19. Respir Res 2020;21:198.

 22 Cunningham JW, Vaduganathan M, Claggett BL, et al. Clinical outcomes 
in young US adults hospitalized with COVID- 19. JAMA Intern Med 
2021;181:379–81.

 23 Peckham H, de Gruijter NM, Raine C, et al. Male sex identified by global 
COVID- 19 meta- analysis as a risk factor for death and ITU admission. Nat 
Commun 2020;11:6317.

 24 Grasselli G, Zangrillo A, Zanella A, et al. Baseline characteristics and outcomes 
of 1591 patients infected with SARS- CoV- 2 admitted to ICUs of the Lombardy 
region, Italy. JAMA 2020;323:1574–81.

 25 Wynants L, Van Calster B, Collins GS, et al. Prediction models for diagnosis 
and prognosis of covid- 19: systematic review and critical appraisal. BMJ 
2020;369:m1328.

 26 Henry BM, de Oliveira MHS, Benoit S, et al. Hematologic, biochemical and 
immune biomarker abnormalities associated with severe illness and mortality 
in coronavirus disease 2019 (COVID- 19): a meta- analysis. Clin Chem Lab Med 
2020;58:1021–8.

 27 Thachil J, Tang N, Gando S, et al. ISTH interim guidance on recognition 
and management of coagulopathy in COVID- 19. J Thromb Haemost 
2020;18:1023–6.

 28 Dubey P, Thakur B, Reddy S, et al. Current trends and geographical 
differences in therapeutic profile and outcomes of COVID- 19 among 
pregnant women - a systematic review and meta- analysis. BMC Pregnancy 
Childbirth 2021;21:247.

http://orcid.org/0000-0003-0760-5013
http://dx.doi.org/10.1038/s41586-020-2008-3
http://dx.doi.org/10.1371/journal.pone.0235653
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200407-sitrep-78-covid-19.pdf?sfvrsn=bc43e1b_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200407-sitrep-78-covid-19.pdf?sfvrsn=bc43e1b_2
http://dx.doi.org/10.3389/fmicb.2019.02752
http://dx.doi.org/10.1001/jamainternmed.2020.2033
http://dx.doi.org/10.1016/j.annemergmed.2020.07.022
http://dx.doi.org/10.1016/j.medin.2020.12.001
http://dx.doi.org/10.1016/S2213-2600(20)30559-2
https://www.moh.gov.sa/en/Ministry/MediaCenter/Publications/Pages/covid19.aspx
https://www.moh.gov.sa/en/Ministry/MediaCenter/Publications/Pages/covid19.aspx
https://covid19.moh.gov.sa/
https://covid19.moh.gov.sa/
http://dx.doi.org/10.1111/jgs.16956
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=89085
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=89085
https://www.who.int/publications/i/item/WHO-2019-nCoV-Corticosteroids-2020.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Corticosteroids-2020.1
http://dx.doi.org/10.1371/journal.pone.0243693
http://dx.doi.org/10.1016/S0140-6736(20)30937-5
http://dx.doi.org/10.1016/j.ekir.2020.04.002
http://dx.doi.org/10.1101/2020.03.13.20035436v3
http://dx.doi.org/10.1111/jth.14810
http://dx.doi.org/10.1136/bmj.m1966
http://dx.doi.org/10.1186/s12931-020-01462-5
http://dx.doi.org/10.1001/jamainternmed.2020.5313
http://dx.doi.org/10.1038/s41467-020-19741-6
http://dx.doi.org/10.1038/s41467-020-19741-6
http://dx.doi.org/10.1001/jama.2020.5394
http://dx.doi.org/10.1136/bmj.m1328
http://dx.doi.org/10.1515/cclm-2020-0369
http://dx.doi.org/10.1111/jth.14810
http://dx.doi.org/10.1186/s12884-021-03685-w
http://dx.doi.org/10.1186/s12884-021-03685-w

	Performance features and mortality prediction of the 4C Score early in COVID-19 infection: 
a retrospective study in Saudi Arabia
	Abstract
	Introduction
	Patients and methods
	Study design
	Inclusion and exclusion criteria
	Data collection
	Scoring system: the 4C Mortality Score
	Ethical issue
	Statistical analysis

	Results
	Discussion
	Limitation

	Conclusion
	References


