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Validation of clinical risk 
models for predicting 
COVID-19 severity

Liang and colleagues developed a risk 
prediction score, COVID-GRAM, to 
identify adults with COVID-19 at higher 
risk of intensive care stay, mechanical 
ventilation or death.1 This score had 
strong performance in Chinese cohorts 
and has been validated in multiple 
non-US cohorts, although with variation 
in its performance (C-statistic ranging 
from 0.64 to 0.91).1 2 It has yet to been 
studied in US populations.1 2 Differ-
ences in the US hospital practices and 
patient population may affect the appli-
cability of COVID-GRAM to this popu-
lation. Additionally, clinical rationale 
and prior studies suggest that CURB-65 
may predict severe disease in COVID-
19.3 We compare the performances 
of COVID-GRAM with CURB-65 for 
predicting critical illness in patients 
with COVID-19 in a US population.

This retrospective study included 
adult patients admitted to an academic 
medical centre in Boston Massachusetts 
with a diagnosis of COVID-19 between 
1 January 2020 and 29 June 2020. Indi-
viduals with prior COVID-19 hospital-
isations were excluded. Patients were 
followed until outcome occurrence or 
the end of hospitalisation (whichever 
came first). Demographic and clinical 
data, patient outcomes and variables 
used in COVID-GRAM and CURB-65 
were obtained from the electronic 
health record. The primary outcome was 
critical illness—defined as a composite 
of mechanical ventilation or death. We 
used multivariable logistic regression 
to determine the association between 
predictors and the outcome of critical 
illness. Two models of critical illness 
were constructed: one with all predic-
tors in COVID-GRAM and one with all 
predictors in CURB-65, with the model 
coefficients matching those in the orig-
inal risk scores. The predictive ability 
of each scoring system was determined 
using C-statistic, and predictive perfor-
mance between the two scores was 
assessed using the de-Long test. Missing 
data were accounted for using multiple 
imputations. We used five imputations 
each to determine the values of the 
missing data. We chose this approach 
due to <20% missingness for each 
predictor. In sensitivity analyses, we 
repeated the analytical approach but as 
a complete case analysis. A p value of 

0.05 was considered statistically signif-
icant. Analyses were conducted with R 
V.3.5.2.

The study was approved by the Beth 
Israel Deaconess Medical Centre insti-
tutional review board and determined 
to be exempt. No patients were directly 
involved in our study.

Of 844 patients presenting to the ED, 
546 were admitted (figure 1). The mean 
age was 66.8 years (SD: 16.9 years), of 
whom 48.5% were women (table 1). The 
primary composite outcome occurred 
in 170 individuals. Due to missing data 
for score calculation (131 individuals 
with missing data for COVID-GRAM 
calculation and 51 with missing data for 
CURB-65 calculation), 495 individuals 
were included in the primary analysis. 
Increasing score with COVID-GRAM 
was associated with critical illness 
(p<0.001). COVID-GRAM had modest 
discrimination (C-statistic=0.72 (95% 
CI: 0.67 to 0.76)) (figure 2). CURB-65 
score was also associated with critical 
illness (p<0.001). However, discrim-
ination of CURB-65 (C-statistic: 0.61 
(95% CI: 0.56 to 0.66)) was lower 
than COVID-GRAM (p<0.001). The 
association of each predictor with 
the outcome of interest is demon-
strated in online supplemental file 1. 

In our complete case sensitivity anal-
yses, COVID-GRAM (C-statistic: 0.70 
(95% CI: 0.65 to 0.75), p<0.001) and 
CURB-65 (C-statistic: 0.58 (95% CI: 
0.53 to 0.64), p=0.003) had similar 
performance to the primary analysis. 
Discrimination of CURB-65 was lower 
than COVID-GRAM (p<0.001).

There are several limitations to our 
study. Small cohort size may have 
prevented the identification of certain 
associations with severe disease. Total 
bilirubin was used instead of direct 
bilirubin. Our study was conducted at 
a single academic medical centre and 
could not assess the effects of different 
COVID-19 strains. Because we focused 
on outcomes occurring during the index 
hospitalisation, we may have failed to 
capture rehospitalisation with critical 
illness.

In this US hospital, COVID-GRAM 
had modest accuracy in identifying 
patients who were likely to require 
mechanical ventilation or expire and 
substantially outperformed CURB-65. 
Although COVID-GRAM incorporates 
predictors routinely obtained in clinical 
settings and is superior to CURB-65, 
we believe that the moderate discrimi-
nation of COVID-GRAM means that it 
should not be used in isolation for risk 
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Figure 1  Flow chart of inclusion and exclusion criteria. Presented are the inclusion and exclusion 
criteria for the study cohort.
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prediction, but rather as an adjunct to 
clinical reasoning.
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Table 1  Baseline characteristics by the presence or absence of critical illness

Characteristics

Critical illness (n=546)

No Yes

376 (68.9%) 170 (31.1%)

Mean age (SD), years 66.0 (17.3) 68.6 (15.9)

Female 50.70% 41.50%

Race/ethnicity

 � White 36.10% 30.00%

 � Black 33.70% 30.80%

 � Hispanic 16.30% 13.10%

 � Other 13.90% 26.20%

Mean length of stay (SD), days 7.7 (7.1) 22.8 (14.4)

Obesity 17.30% 37.50%

Renal failure 32.90% 22.70%

Liver disease 7.20% 7.80%

Presented from nursing home 24.30% 25.40%

Chest X-ray abnormality 67.60% 87.60%

Haemoptysis 2.10% 2.90%

Altered mental status 21.40% 32.50%

Comorbidity count (SD) 4.8 (0.9) 4.9 (0.7)

Cancer history 12.20% 17.10%

Neutrophil to lymphocyte ratio (SD) 5.3 (4.4) 8.7 (8.2)

Lactate dehydrogenase (SD) 357.2 (166.0) 595.6 (1242.2)

Total bilirubin (SD) 0.03 (0.03) 0.03 (0.05)

Uraemia 63.40% 47.50%

Elevated respiratory rate 9.10% 3.60%

Critical blood pressure 18.20% 14.30%

Mean COVID-GRAM score (SD) 7.1 (1.5) 8.2 (3.1)

CURB-65 score

 � 0 28.80% 19.70%

 � 1 19.50% 31.60%

 � 2 29.80% 23.10%

 � 3 16.90% 17.10%

 � 4 4.70% 8.50%

 � 5 <1% 0%

Critical illness was defined as an individual requiring mechanical ventilation or death. Uraemia was defined as a blood urea nitrogen >19 mg/dL. Elevated 
respiratory rate was defined as a rate of ≥30 breaths per minute. Critical blood pressure was defined as a systolic blood pressure of <90 mm Hg and/or a 
diastolic blood pressure ≤60 mm Hg. Chest X-ray abnormalities were based on chart review by medical professionals. All risk factors were collected within 
48 hours of presentation to the hospital. Predictors in COVID-GRAM included chest X-ray abnormality, age, haemoptysis, dyspnoea, altered mental status, 
comorbidity count, cancer history, neutrophil–lymphocyte ratio, lactate dehydrogenase and bilirubin. Predictors in CURB-65 included altered mental status, 
uraemia, respiratory rate, critical blood pressure and age of 65 years or older.

Figure 2  Sensitivity versus 1-specificity for COVID-GRAM and CURB-65. Presented are the C-
statistic graphs for the predictive performance of both COVID-GRAM (blue) and CURB-65 (red). 
X-axis represents 1-specificity, and y-axis represents sensitivity. C-statistic for COVID-GRAM was 
0.72 (95% CI: 0.67 to 0.76) and for CURB-65 was 0.61 (95% CI: 0.56 to 0.66).
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