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Abstract
Background: Severe coronavirus disease 2019 (COVID-19) is associated with high mortality, whereas mild cases generally have a good
prognosis. Therefore, the rapid assessment and timely classi�cation of patients with COVID-19-related pneumonia are very important.
However, no scoring system has been designated for the rapid assessment and prognosis of patients with COVID-19. Such a system is
urgently needed.

Objective: To explore the factors affecting mortality in patients with COVID-19 and to verify if the predictive value of the three rapid scoring
scales [the Modi�ed Early Warning Score (MEWS), Rapid Acute Physiology Score (RAPS) and Rapid Emergency Medicine Score (REMS)] that
are commonly used in emergency departments can also be used for the prognostication of COVID-19 patients.

Methods: The study included adult patients diagnosed with COVID-19 in Wuhan, China from February 7 to March 7, 2020. Kaplan–Meier and
Cox survival analyses were performed to identify the risk factors associated with COVID-19-related death. C-index analysis was used to
evaluate the abilities of the three scoring scales and their combined score to predict the prognosis of COVID-19 patients.

Results: Older age, decreased lymphocyte count, increased respiration frequency, and low blood oxygen saturation level were identi�ed as
independent risk factors for mortality among patients with COVID-19. The Cox regression analysis demonstrated that MEWS, RAPS, and
REMS had a statistically signi�cant ability to predict mortality in COVID-19 patients (P < 0.05). Stats the C-index of MEWS, RAPS, REMS, and
the combined score resulted 0.7,0.66, 0.82, and 0.83 respectively.

Conclusion: Patients with an old age, increased respiration frequency, low blood oxygen saturation level, and decreased lymphocyte count
are at a high risk of COVID-19-related mortality. Moreover, our analysis revealed that the REMS had a better prognostic ability than the MEWS
and RAPS when applied to COVID-19 patients. Our �ndings suggest that the REMS can be used as a rapid scoring tool for the early
assessment of COVID-19 severity.

Background
Coronavirus disease 2019 (COVID-19) is caused by infection with the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) [1]. As
of April 2, 2020, more than 2,394,246 cases of COVID-19 and more than 164,527 related deaths have been reported in more than 200
countries and territories worldwide [2, 3]. In China, various hospitals have established specialized emergency departments as the �rst line of
defense for COVID-19 patients. However, the wait times in these facilities are prolonged because of the large numbers of patients and
relatively insu�cient medical resources, and this situation increases the risk of nosocomial infection. Therefore, trends in the spread of
COVID-19 and the outcomes of patients are related to the ability of a specialized emergency department to classify patients accurately [4].
Severe COVID-19 is associated with a high mortality rate, whereas relatively milder cases tend to resolve without intensive intervention.
Therefore, the e�ciency of COVID-19 patient classi�cation could best be improved by applying appropriate scoring scales. These scales were
designed as screening tools with the aim of reducing the time required to evaluate patients, and their use can greatly improve the quality of
care and therapeutic effects and can thus reduce morbidity and mortality [5].

Various accurate and effective clinical scoring scales have been developed in recent years. For example, the Rapid Acute Physiology Score
(Supplementary Material Table 1) is an abbreviated version of the Acute Physiology and Chronic Health Evaluation II (APACHE II) scoring
table, and several studies have found that this model can be used to evaluate patients’ prognosis [6]. The Rapid Emergency Medicine Score
(REMS), another commonly used clinical scale, comprises the variables contained in RAPS, as well as the patient’s arterial oxygen saturation
level and age (Supplementary Material Table 2). The effectiveness of the REMS model for the assessment of trauma patients has been
con�rmed in some studies [7–8]. The Modi�ed Early Warning Score (MEWS) is also commonly applied to emergency patients
(Supplementary Material Table 3) and can be used to detect potential disease-related changes in patients with severe disease at an early
stage and enable measures to prevent deterioration [9]. However, no scoring scale has been designated speci�cally for the prognostic
evaluation of COVID-19 patients. Therefore, this study aimed to assess and compare the prognostic values of the MEWS, RAPS, and REMS
for the prognostic evaluation of COVID-19 patients in a specialized emergency department.

Methods
Study design. This was a retrospective analysis of data obtained from a database of patients admitted by the West China Hospital Medical
Team during the anti-COVID-19 epidemic period in Wuhan. These patients were all admitted to critical wards in Wuhan People's Hospital.
Initially, a survival analysis was applied to identify the patient-related risk factors for mortality. Next, the RAPS, REMS, and MEWS scoring
scales were applied to the data, and their abilities to predict the prognosis of patients were assessed.
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The West China Hospital Institutional Review Committee approved the study and waived the requirement for informed consent from the
study subjects due to the study design. The study complied with an international ethical guideline for human research, such as the
Declaration of Helsinki. The accessed data were anonymized.

Settings and Subjects. This study included all adult patients diagnosed with COVID-19 between February 7 and March 7, 2020 (n = 79).
According to the diagnostic criteria of China's national health Committee for COVID-19, the disease degree of these patients was severe [10].
For all patients, the following data were retrieved from the database: basic information (sex, age, �nal diagnosis, and chronic diseases), vital
signs (body temperature, heart rate, systolic and diastolic blood pressure, respiratory frequency), consciousness, oxygen saturation level and
RAPS/REMS/MEWS scale scores, etc. The outcome variable was the patient’s death or survival at discharge. The observation point for
survival calculations was set as the discharge time of the last admitted patient.

Statistical analysis. The data analysis and mapping were conducted using the R-studio 7.0 and Prime 8.1. Continuous variables are
presented as means ± standard deviations, and categorical variables are described as composition ratios (%). The Wilcoxon rank-sum test
and Fisher’s exact test were used to compare the continuous and categorical variables, respectively. The Kaplan–Meier (K-M) and Cox
proportional hazards regression methods were used to perform survival analyses and univariate and multivariate survival analyses,
respectively, to establish the relationships between potential predictive factors and mortality. After introducing three emergency rapid scoring
scales, we calculated the score of each scale and their combined score, a Cox regression analysis was performed to establish a prediction
model between the scores and the mortality rate. Concordance-index and time-dependent AUC was calculated to evaluate the abilities of the
RAPS, REMS, MEWS, and the combined score to predict mortality. For all analyses, a two-sided test was conducted with P-value less or equal
to 0.05 considered to indicate statistical signi�cance.

Results
Patients in the surviving and deceased groups had mean ages of 56.52 ± 16.97 and 75.05 ± 12.94 years, respectively, and this difference was
signi�cant (P < 0.05). Moreover, the two groups differed signi�cantly with respect to sex, systolic blood pressure, oxygen saturation level,
white blood cell and lymphocyte counts, and the MEWS, RAPS REMS, and the combined scores (all P < 0.05). In contrast, the two groups did
not differ signi�cantly in terms of the heart rate, diastolic blood pressure and body temperature (P > 0.05; Table 1).
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Table 1
Difference between alive group and death group

variable Alive

n = 60

Death

n = 19

p-value

Gender

male

25(41.6%) 14(73.6%) 0.015

female 35(58.3%) 5(26.3%)

Age 56.52 ± 16.97 75.05 ± 12.94 < 0.001

Heart rate 83.60 ± 15.01 87.47 ± 13.56 0.248

Breathe 19.83 ± 2.068 23.21 ± 5.381 0.006*

Hypertension

no

43(71.6%) 13(68.4%) 0.789

yes 17(28.4%) 6(31.6%)

Systolic pressure 130.40 ± 19.68 143.30 ± 24.85 0.016*

Diastolic pressure 80.40 ± 10.75 83.95 ± 14.12 0.347

Temperature 36.59 ± 0.45 36.71 ± 0.72 0.388

oxygen saturation 96.40 ± 2.57 86.53 ± 12.46 < 0.001

While cell count 5.54 ± 1.91 11.57 ± 9.79 0.001

Lymphocyte count 27.56 ± 11.8 8.86 ± 9.48 < 0.001

MEWS 1.48 ± 0.87 2.37 ± 1.53 0.001*

RAPS 0.80 ± 1.31 1.58 ± 1.71 0.03*

REMS 3.90 ± 2.98 7.90 ± 2.81 < 0.001*

Combined Score 6.18 ± 4.47 11.85 ± 5.13 < 0.001*

*: p-values were calculated by using Wilcoxon rank sum test for continuous variables, and Fisher exact test for categorical variables.

Abbreviations: MEWS, Modi�ed Early Warning Score; RAPS, Rapid Acute Physiology Score; REMS, Rapid Emergency Medicine Score;
Combined Score: the combined score of MEWS, RAPs, and REMS.

Next, a K-M survival analysis and a univariate Cox regression analysis were performed to identify the variables that differed signi�cantly
between the surviving and deceased groups. Notably, the patient’s age, sex, respiratory frequency, oxygen saturation level, lymphocyte count
and chronic disease status were identi�ed as signi�cantly different between the groups (P < 0.05). We chose signi�cant variables after UVA
analysis into a subsequent multivariate Cox regression analysis. the patient’s age, respiration frequency, oxygen saturation level and
lymphocyte count were identi�ed as independent risk factors for mortality (P < 0.05) (Table 2). The patients’ survival outcomes classi�ed by
sex and chronic disease status are presented in Fig. 1a and b, respectively.
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Table 2
Survival-related factors based on the survival outcomes

Variables UVA MVA

Adjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value

Age 1.081 (1.09–1.124) < 0.001 1.043 (0.99–1.093) 0.05

Sex        

F Reference   Reference  

M 0.278(0.01–0.78) 0.014 1.18(0.33–4.20) 0.8

Respiration frequency 1.236 (1.125–1.359) < 0.001 1.17 (1.02–1.34) 0.02

Oxygen saturation level 0.804 (0.794–0.864) < 0.001 0.879 (0.802–0.964) 0.003

Lymphocyte count 0.89 (0.847–0.936) < 0.001 0.94 (0.885–0.999) 0.04

Chronic disease        

No Reference   Reference  

Yes 2.94(1.15–7.53) 0.022 0.341 (0.103–1.125) 0.07

CIs are presented as lower limit–upper limit ranges.

Abbreviations: UVA, univariate analysis; MVA, multivariable analysis; HR, hazard ratio; 95% CI, 95% con�dence interval

The Cox regression analysis demonstrated that MEWS, RAPS, REMS, and the combined score had a statistically signi�cant ability to predict
mortality in COVID-19 patients (P < 0.05; Table 3). Stats the C-index of MEWS, RAPS, and REMS resulted 0.7,0.66 and 0.82 respectively.
Comparing to REMS, both MEWS and Combined Score have signi�cantly less predictive ability on overall survival (both P < 0.05). The C-
index of the combined score was 0.83, which is not signi�cantly better comparing to the C-index of REMS (P > 0.05).

Table 3
Cox regression analysis of MEWS, RAPS, and REMS scores on survival outcome.

  HR Low 95%CI High 95%CI P value C-index

MEWS 1.8428 1.3619 2.4936 < 0.0001 0.70

RAPS 1.4088 1.0696 1.8555 0.0147 0.66

REMS 1.4783 1.2482 1.7508 < 0.0001 0.82

Combined Score 1.228 1.1244 1.3412 < 0.0001 0.83

Besides the C-index for each feature prediction.,

Discussion
COVID-19, a novel infectious disease caused by SARS-CoV-2 [10], was �rst identi�ed in December 2019 in Wuhan, the capital of Hubei
Province in China. Since then, the disease has spread globally, resulting in the ongoing 2019–20 COVID-19 pandemic [11–12]. The common
symptoms of COVID-19 include fever, cough and dyspnea, while some patients may also present with muscle pain, sputum production,
diarrhea, pharyngitis, anosmia, and abdominal pain. Although the majority of cases result in mild symptoms, some progress to viral
pneumonia and multi-organ failure that particularly affects the lung [13–14]. Currently, COVID-19 is diagnosed mainly by viral nucleic acid
detection tests and lung computed tomography scans. Although clinicians also use parameters such as the respiratory frequency, heart rate,
body temperature, arterial oxygen partial pressure, and indexes such as the white blood cell count, CRP concentration, and APACHE II score to
classify COVID-19 cases according to severity, these prognostic factors are not speci�c [15]. Moreover, the APACHE II scale is complex and
requires a long time; therefore, it is not suitable for the rapid prognostic evaluation of a COVID-19 patient. The identi�cation of prognostic
factors that could indicate the severity of COVID-19 at an early stage would both improve patients’ outcomes and reduce the mortality rate.
As no existing scale is available speci�cally to determine the severity of COVID-19 at an early stage, we compared the abilities of three
emergency rapid scoring scales and combined predictors to evaluate the prognosis of COVID-19 patients. Our results identi�ed the REMS as
the best performing scale in this population.
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SARS-CoV-2 infects host cells through interactions between the viral surface spike S protein and angiotensin converting enzyme 2 (ACE2) on
the surfaces of host cell membranes. ACE2 is widely expressed in various tissues of human body, especially the alveolar epithelium, small
intestinal epithelium, and vascular endothelial cells. Upon entering the host cell, the virus replicates, and is released and simultaneously
stimulates the host immune defense responses [16–17]. Studies have observed normal or decreased white blood cell counts, decreased
lymphocyte counts, and increased serum C-reactive protein, creatinine and uric acid concentrations in some patients with early-stage COVID-
19 [18, 19]. In the present study, the patient’s age, respiratory frequency, systolic blood pressure, oxygen saturation level, and white blood cell
and lymphocyte counts were found to differ signi�cantly between subjects in the surviving and deceased groups. According to previous
studies, underlying medical conditions such as hypertension, lung disease, diabetes, cancer, and immunocompromised status were
important factors affecting the prognosis of COVID-19 [20–21]. Similarly, we found that in addition to age, respiratory frequency, lymphocyte
count, and blood oxygen saturation level, the presence of a chronic underlying disease was an independent risk factor for mortality in COVID-
19 patients.

Of the scales evaluated in this study, the MEWS is an internationally recognized and effective early warning scoring method used to
determine the severity of a disease condition [22–23]. The MEWS includes evaluations of the patient’s body temperature, heart rate, systolic
blood pressure, respiratory rate and consciousness. However, our study indicated that the MEWS yielded 0.70 predictive ability for the
prognostic evaluation of COVID-19. The RAPS can be used to assess the mortality risk of patients in the ICU or those with severe trauma
during transportation. This scale includes four parameters: blood pressure, pulse, respiratory frequency, and Glasgow coma scale (GCS)
score. [24–26]. However, the predictive ability of the RAPS differs among disease types. In our research, the RAPS yielded only 0.66.

The REMS was �rst applied by Olsson in 2003 to predict the mortality of patients with severe disease in an emergency internal medicine
department [7]. This scoring system is ideal for rapid prognostication in an emergency department, and it features the advantages of a
simple collection of observed indicators, the provision of relatively reliable information, and the ability to enable an emergency department to
determine a patient’s prognosis at an early stage [27]. The REMS evaluate six indicators: heart rate, systolic blood pressure, respiratory
frequency, GCS score, age, and oxygen saturation level. In our study, the REMS yielded a predictive ability of 0.82 as well as a signi�cantly
greater ability than those yielded by the RAPS and MEWS. These �ndings suggest that the REMS can be used as a rapid assessment tool for
the prognostication of patients with COVID-19 in an emergency setting. We further determined that an old age, respiratory frequency and low
oxygen saturation level are risk factors for mortality in COVID-19 patients. As the REMS evaluation index includes the three items, we
speculate that this is why the REMS demonstrated a better prognostic ability in our study. We additionally evaluate the combined score of
MEWS, RAPS, and REMS and assessed the ability of this combined score to predict the prognosis of patients. It yielded an ability of 0.83.
Although this represents a slight improvement over the results obtained with the REMS alone, the difference is not signi�cant. Therefore, we
do not recommend using this combination of three scoring systems when determining the prognosis of a COVID-19 patient.

This study was limited by a small sample size and a lack of details regarding the classi�cation of chronic diseases, which made it di�cult to
determine which chronic diseases truly affect the prognosis of COVID-19 patients. Moreover, our analysis of the MEWS, RAPS and REMS
revealed that not all of the included items were identi�ed as independent risk factors affecting prognosis, and consequently none of the
scales yielded prognostic ability higher than 0.9. Future studies should aim to expand the sample size, identify additional effective indicators
and develop a new scale speci�cally for the evaluation of COVID-19 patients.

Conclusion
Patients with an old age, increased respiration frequency, low blood oxygen saturation level, and decreased lymphocyte count are at a high
risk of COVID-19-related mortality. Moreover, our analysis revealed that the REMS had a better prognostic ability than the MEWS and RAPS
when applied to COVID-19 patients. Our �ndings suggest that the REMS can be used as a rapid scoring tool for the early assessment of
COVID-19 severity.
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Figure 1

Kaplan–Meier survival estimates according to a. sex and b. chronic disease status

Figure 3

Time-dependent AUC of MEWS, RAPS, REMS and Combined Score.


