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4C mortality score: calculation of original model and recalibrated models 

Calculating the linear predictor of the original 4C mortality score 

The coefficients of the final logistic regression model are reported in Appendix 5A of the original 4C 

mortality score publication. (Knight SR, Ho A, Pius R, et al. Risk stratification of patients admitted to hospital 

with covid-19 using the ISARIC WHO Clinical Characterisation Protocol: Development and validation of the 

4C Mortality Score. BMJ. 2020;370)  

Using this information, we calculated the linear predictor (LP) of the original model using the formula 

below: 

Table S1 

Formula Example* 

-4.203  

+ Age = 50-59 * 0.687  

+ Age = 60-69 * 1.337  

+ Age = 70-79 * 1.842  

+ Age ≥ 80 * 2.252  

+ Male sex * 0.172  

+ 1 comorbidity * 0.300  

+ ≥2 comorbidities * 0.532  

+ Respiratory rate = 20-29 breaths/minute * 0.232  

+ Respiratory rate ≥ 30 breaths/minute * 0.649  

+ Oxygen saturation on room air (%) < 92 * 0.577  

+ Glasgow Coma Scale score < 15 * 0.558  

+ Blood urea nitrogen (BUN) = 7-14 mmol/L * 0.439  

+ Blood urea nitrogen (BUN) > 14 mmol/L * 1.011  

+ CRP concentration = 50-99 mg/dL * 0.363  

+ CRP concentration ≥100 mg/dL * 0.74 

-4.203  

+ (0 * 0.687)  

+ (0 * 1.337) 

+ (0 * 1.842)  

+ (1 * 2.252)  

+ (1 * 0.172)  

+ (0 * 0.300)  

+ (1 * 0.532) 

+ (0 * 0.232)  

+ (1 * 0.649)  

+ (1 * 0.577)  

+ (0 * 0.558)  

+ (0 * 0.439)  

+ (0 * 1.011)  

+ (0 * 0.363)  

+ (1 * 0.74) 

* Example patient is male, 85 years old, has 3 comorbidities (diabetes, COPD and 

chronic hypertension). At admission, his respiratory rate was 40 breaths/minute, oxygen 

saturation on room air was 90%, and he scored the full 15 points on the Glasgow Coma 

Scale score. Furthermore, blood urea nitrogen (BUN) was 4.5 mmol/L, and CRP was 300 

mg/dL. The linear predictor for this patient is 0.719 and predicted probability of 

mortality is 0.67. 

The resulting linear predictor (LP) gives the individual risk of mortality, on the logit (log-odds) scale. 

Standard model 

To obtain the individual predicted probability of mortality, the linear predictor (LP) must be converted from 

the logit (log-odds) scale to the probability scale. For this, the following formula was used:  

exp(LP) / (1 + exp(LP)) 

Recalibrating the model 

We recalibrated the models, using the methods proposed by Steyerberg (Steyerberg EW. Clinical Prediction 

Models: A Practical Approach to Development, Validation, and Updating. 2009). 

 



The first way to recalibrate the model was to re-estimate the intercept (α). This was done by fitting a new 

logistic regression model to the data with the following form: 

Logit(y) = α + 1*LP 

The coefficient for the linear predictor is fixed at 1, and the only coefficient in this model that can be freely 

estimated is the intercept (α). To calculate the individual predicted probability for mortality y, the following 

formula can be used: 

y = exp(α + LP) / (1 + exp(α + LP)) 

The second (and more extensive) way to recalibrate the model was to re-estimate both intercept (α) and 

the coefficient (β1) for the linear predictor: 

Logit(y) = α + β1*LP 

To calculate the individual predicted probability for mortality y, the following formula can be used: 

y = exp(α + β1*LP) / (1 + exp(α + β1*LP)) 

Model formulas 

For each fitted model reported in the manuscript, we have reported the corresponding formula to calculate 

the individual predicted probability are shown below: 

Table S2 

4C Model Formula 

Original model exp(LP) / (1 + exp(LP)) 
Lombardy cohort, recalibration method 1 exp(-0.2984  + LP) / (1 + exp(-0.2984  + LP)) 
Lombardy cohort, recalibration method 2 exp(-0.0946 + 1.2954*LP) / (-0.0946 + 1.2954*LP)) 
Leiden cohort, recalibration method 1 exp(-1.282 + LP) / (1 + exp(-1.282 + LP)) 
Leiden cohort, recalibration method 2 exp(-1.094 + 1.457*LP) / (-1.094 + 1.457*LP)) 

LP: linear predictor, see table S1 for calculation 

 

 

 


