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Abstract. Clinical data from hospital admissions are typically 
utilized to determine the prognostic capacity of Coronavirus 
disease 2019 (COVID‑19) indices. However, as disease status 
and severity markers evolve over time, time‑dependent receiver 
operating characteristic (ROC) curve analysis becomes more 
appropriate. The present analysis assessed predictive power for 
death at various time points throughout patient hospitalization. 
In a cohort study involving 515 hospitalized patients (General 
Hospital Number 1 of Mexican Social Security Institute, 
Colima, Mexico from February 2021 to December 2022) 
with COVID‑19, seven severity indices [Pneumonia Severity 
Index (PSI) PaO2/FiO2 arterial oxygen pressure/fraction 
of inspired oxygen (Kirby index), the Critical Illness Risk 
Score (COVID‑GRAM), the National Early Warning Score 
2 (NEWS‑2), the quick Sequential Organ Failure Assessment 
score (qSOFA), the Fibrosis‑4 index (FIB‑4) and the Viral 
Pneumonia Mortality Score (MuLBSTA were evaluated using 
time‑dependent ROC curves. Clinical data were collected at 
admission and at 2, 4, 6 and 8 days into hospitalization. The study 

calculated the area under the curve (AUC), sensitivity, speci‑
ficity, and predictive values for each index at these time points. 
Mortality was 43.9%. Throughout all time points, NEWS‑2 
demonstrated the highest predictive power for mortality, 
as indicated by its AUC values. PSI and COVID‑GRAM 
followed, with predictive power increasing as hospitalization 
duration progressed. Additionally, NEWS‑2 exhibited the 
highest sensitivity (>96% in all periods) but showed low speci‑
ficity, which increased from 22.9% at admission to 58.1% by 
day 8. PSI displayed good predictive capacity from admission 
to day 6 and excellent predictive power at day 8 and its sensi‑
tivity remained >80% throughout all periods, with moderate 
specificity (70.6‑77.3%). COVID‑GRAM demonstrated good 
predictive capacity across all periods, with high sensitivity 
(84.2‑87.3%) but low‑to‑moderate specificity (61.5‑67.6%). 
The qSOFA index initially had poor predictive power upon 
admission but improved after 4 days. FIB‑4 had a statistically 
significant predictive capacity in all periods (P=0.001), but 
with limited clinical value (AUC, 0.639‑0.698), and with low 
sensitivity and specificity. MuLBSTA and IKIRBY exhibited 
low predictive power at admission and no power after 6 days. 
In conclusion, in COVID‑19 patients with high mortality rates, 
NEWS‑2 and PSI consistently exhibited predictive power for 
death during hospital stay, with PSI demonstrating the best 
balance between sensitivity and specificity.

Introduction 

Coronavirus disease 2019 (COVID‑19) illness, stemming 
from severe acute respiratory syndrome coronavirus 2 
(SARS‑CoV‑2), posed a critical emergency for healthcare 

Time‑dependent ROC curve analysis to determine the predictive 
capacity of seven clinical scales for mortality in patients with 
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systems during the first 3 years of the pandemic (1). However, 
the World Health Organization has advised maintaining readi‑
ness and vigilance across healthcare systems at all levels to 
address potential increases in outpatient cases and hospitaliza‑
tion, especially during peak periods of other communicable 
diseases with high care demand (2).

Despite most infections being self‑limiting (3), the 
number of cases made COVID‑19 one of the leading causes 
of mortality worldwide from 2020 to 2022. Nonetheless, this 
trend has diminished in recent years, partly due to vaccination 
strategies (4,5).

The prevalence of severe/critical COVID‑19 cases and the 
need for hospitalization may vary based on regional factors (6). 
Globally, hospitalized patients with COVID‑19 experienced 
mortality rates ranging from 1 to 52% (7), varying significantly 
based on the pandemic stage, ethnic and sociocultural charac‑
teristics, as well as vaccination or treatment strategies (8).

In Mexico, the overall hospital case mortality rate between 
March 2020 and August 2022 was 45.1% (95% CI, 44.9, 45.3), 
reaching a peak of 50.8% (9). This was one of the highest 
mortality rates among hospitalized patients with COVID‑19 
globally (10). Up to January 2024, Mexico has reported a 
total of 7,633,355 confirmed cumulative COVID‑19 cases and 
>334,336 deaths (11,12).

The emergency caused by COVID‑19 has led to the neces‑
sity and implementation of clinical instruments with high 
predictive value to support decision‑making in patients with 
severe and critical illness (12). Various clinical risk scales 
and severity indices for respiratory disease and the progres‑
sion of organ failure have been implemented to monitor 
patients hospitalized due to COVID‑19. Although some of 
these scales were developed to monitor bacterial infection, 
they have been adapted for use in COVID‑19, such as the 
Pneumonia Severity Index (PSI), the National Early Warning 
Score 2 (NEWS‑2) and the Quick Sepsis‑Related Organ 
Failure Assessment Score (qSOFA) (13‑15). Other scales were 
specifically created for COVID‑19, such as Viral Pneumonia 
Mortality Score (MuLBSTA: multilobular infiltration, 
hypo‑lymphocytosis, bacterial coinfection, smoking history, 
hypertension, and age) and COVID‑Guangzhou Institute of 
Respiratory Health Calculator at Admission (GRAM) (16,17). 
The Kirby Index (PaO2/FiO2, arterial oxygen pressure/fraction 
of inspired oxygen) is a tool used to measure lung capacity and 
functionality, particularly for diagnosing and prognosticating 
the severity of acute respiratory distress syndrome (18,19). 
The liver fibrosis index (FIB‑4) is another scale that is worth 
studying, because previous studies showed that it has promising 
predictive power for mortality rate in patients with COVID‑19, 
without underlying liver disease and in all age groups (20,21).

Nevertheless, the prognostic capacity of these scales in 
COVID‑19 has typically been evaluated through receiver 
operating characteristic (ROC) curve analysis using only 
clinical data or markers at hospital admission or within the 
first 48 h of hospitalization (22‑24). However, it is evident that 
both the disease status and the value of clinical markers used 
in the scales are changing over time, especially in hospital‑
ized patients with COVID‑19 (25). Therefore, in diseases with 
changing clinical states, it has been proposed that to assess 
the predictive power of certain markers or indices, it is more 
appropriate to use time‑dependent ROC curve analysis (26). 

ROC curves are generated at different time points to determine 
if a severity scale maintains its predictive capacity consistently 
or if it may weaken or strengthen as the target time moves 
away from the baseline (26).

The present study aimed to assess the predictive capacity 
for mortality of seven commonly used clinical indicators (PSI 
and Kirby index, COVID‑GRAM, NEWS‑2, qSOFA, FIB‑4 
and MuLBSTA) in patients with severe and critical COVID‑19 
upon admission and at 2, 4, 6 and 8 days of hospitalization 
using time‑dependent ROC curve analysis. These clinical 
indicators were selected because they have been demon‑
strated utility in predicting mortality and severity in patients 
with respiratory disease, including COVID‑19. These tools 
incorporate clinical parameters such as vital signs, labora‑
tory results, and comorbidities to provide a comprehensive 
assessment of patient prognosis. Additionally, they have been 
previously validated in similar patient populations and have 
shown promising results in predicting outcomes in patients 
with COVID‑19. Furthermore, the effectiveness of these 
predictive tools relies on the availability of relevant data types, 
including clinical observations, laboratory results, and patient 
demographics (15,16,18,20,27‑29). The present study aimed 
to identify severity indices maintaining consistent predictive 
capacity in patients with fluctuating health status, such as 
those hospitalized with COVID‑19, within a cohort exhibiting 
one of the highest mortality rates globally. 

Materials and methods

Study design. An ambispective (bidirectional) cohort study 
was conducted longitudinally with data collected from 
patients with severe and/or critical (30) COVID‑19 who were 
hospitalized from February 2021 to December 2022 at the 
COVID‑19 unit at General Hospital Number 1 of the Mexican 
Institute of Social Security (IMSS)‑Colima (Colima, Mexico). 
The study was conducted in compliance with the Declaration 
of Helsinki and was approved by the local health research 
committee of General Hospital Number 1 of IMSS‑Colima 
(approval no. R‑2021‑601‑014). Following national legisla‑
tion and institutional protocols, the local health research 
committee waived the requirement for written consent from 
patients involved in this observational study (article 23 of the 
Regulations of the General Health Law on Health Research 
in Mexico) (31,32) as it solely entailed analyzing data from 
a hospital database, posing no risk to patients. Patient confi‑
dentiality was maintained throughout the study, which was 
classified as low risk (31). 

Patients. The inclusion criteria were non‑pregnant patients 
aged >18 years diagnosed with COVID‑19 based on positive 
results from Severe Acute Respiratory Syndrome Coronavirus 
2 Reverse Transcription PCR (SARS‑CoV‑2 RT‑PCR) or 
antigen tests. The study enrolled patients admitted to regular 
hospital floors, high‑flow oxygen rooms, or intensive care 
units. Exclusion criteria included patients receiving only emer‑
gency room care without admission and those with incomplete 
clinical records. 515 patients were included in the analysis. 
The median age was 63.3±16.1 years, with a percentage of 
male patients was 61.9% and the percentage of female patients 
was 38.1%.
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Measures and follow‑up. Patient information, including medical 
history, COVID‑19 vaccination status and clinical parameters 
from admission to discharge (due to either improvement or 
death), was retrieved from clinical records. Data collected 
included age, sex, medical history (comorbidities, Charlson 
comorbidity index score) (33), history of prior COVID‑19 infec‑
tion, smoking status (based on the Glossary of the National 
Health Interview Survey of the United States of America) (34), 
admission disease phase (severe/critical), clinical, laboratory 
and imaging data for each day of hospitalization, and reason 
for discharge (death or improvement). Arterial hypertension was 
identified by criteria aligned with the guidelines set forth by the 
Eighth Joint National Committee (JNC 8) for hypertension; 
these criteria encompassed a documented history in the clinical 
records (prior to hospitalization due to COVID‑19 infection) of 
blood pressure readings equal to or exceeding 140/90 mmHg, 
a prior diagnosis of hypertension, or a positive record of 
antihypertensive therapy (35,36).

Data collected during hospitalization included variables 
necessary to calculate the scores of severity scales, labora‑
tory parameters (such as D‑dimer, ferritin, markers of renal 
or liver function, complete blood count), use of mechanical 
ventilation or hemodialysis and administration of medica‑
tion (paracetamol, anticoagulants, antibiotics, vasopressors, 
steroids, and diuretics). 

The seven severity and clinical risk index scores [PSI (12), 
Kirby index (9), COVID‑GRAM (19), NEWS‑2 (37), 
qSOFA (38), MuLBSTA (30) and FIB‑4 (39,40)] were calcu‑
lated upon admission and at 2, 4, 6 and 8 days of hospital stay 
(Table SI‑SVII). 

PSI (41) is a tool for stratifying the severity of patients 
with community‑acquired pneumonia (42). PSI scale catego‑
rizes patients into five categories based on age, pre‑existing 
comorbidity, physical examination, and clinical analysis 
results (37,43).

Kirby index (PaO2/FiO2) has been widely used to classify 
acute respiratory distress syndrome due to its simplicity and 
diagnostic and prognostic capacity (18,44). The 2011 Berlin 
definition (38) was considered as it presents better predictive 
validity for mortality. Kirby index establishes the degree of 
hypoxemia as mild (200< PaO2/FIO2 ≤300), moderate (100< 
PaO2/FIO2 ≤200) and severe (PaO2/FIO2 ≤100 mmHg) (38,44).

COVID‑GRAM (45) was developed to predict critical 
illness in patients with COVID‑19 upon hospital admission. 
It comprises X‑ray abnormality (yes/no), age, hemoptysis 
(yes/no), dyspnea (yes/no), unconsciousness (yes/no), number 
of comorbidities, history of cancer (yes/no), neutrophil‑ 
to‑lymphocyte ratio, lactate dehydrogenase levels and direct 
bilirubin (46). This score considers the risk of developing 
critical COVID‑19 as low (<1.7%), medium (1.7‑<40.4%) (16) 
and high (≥40.4%) (16,46). 

NEWS‑2 (47) is based on a set of simple physiological 
variables to which a score is assigned. Currently, in its modi‑
fied version, there are seven parameters: Respiratory rate, 
hypercapnic respiratory failure [partial pressure of carbon 
dioxide (pCO2) levels], oxygen saturation (pO2), systolic blood 
pressure, pulse rate, level of consciousness or new confusion 
(assessed according to Glasgow Coma Scale) (48) and body 
temperature. The combination of these values provides a score 
ranging from 0 to 20 (49,50).

qSOFA is used to clinically classify a septic patient and 
as a predictor of hospital mortality (27). It consists of clinical 
indicators including respiratory rate (≥22/min), altered mental 
status, and altered systolic blood pressure (≤100 mmHg), 
with each parameter generating a score from 0 to 3 (51). The 
components of qSOFA allow for an early and simple evalua‑
tion in hospital settings (25,27,51,52).

Viral Pneumonia Mortality Score (MuLBSTA) is 
composed of six parameters: Multilobular infiltration (yes/no), 
absolute lymphocyte count ≤0.8x109/l (yes/no), bacterial coin‑
fection (detected by sputum or blood culture; yes/no), smoking 
history (no, inactive, active), history of hypertension (yes/no) 
and age ≥60 years (yes/no). The combination of these values 
provides a score ranging from 0 to 22 (29). Scores classified as 
follows: 0‑11, low risk and 12‑22, high risk of mortality (53). 
MuLBSTA score is considered to have potential clinical utility 
for stratifying the progression of SARS‑CoV‑2 disease (17). 

FIB‑4 index is a commonly used, used for non‑invasive 
assessment of liver fibrosis in chronic liver disease due to 
its accessibility, cost‑effectiveness, and validated reliability, 
offering a safer and more convenient alternative to invasive 
liver biopsy (20,21). It is calculated using four parameters: 
Age, levels of aspartate and alanine aminotransferase and 
platelet count. A score of ≤1.3 indicates low risk of fibrosis, 
>1.3‑2.67 moderate risk and >2.67 indicates high risk of 
fibrosis. (21,40). The FIB‑4 score predicts mortality better 
than liver transaminases and may serve as a simple tool to 
identify patients with COVID‑19 with a poorer prognosis in 
the emergency department (20,39).

Statistical analysis. Kolmogorov‑Smirnov test was used to 
determine the normal distribution of data and Levene's test 
was used to confirm the equality of variances. Qualitative 
variables are expressed as absolute numbers or percentages, 
while quantitative variables are expressed as mean ± standard 
deviation or 95% confidence intervals. Quantitative data with 
non‑normal distribution are expressed as median and range or 
25‑75th percentile (Q1‑Q3). Unpaired Student's t test was used 
to compare numerical data with normal distribution (body 
mass index and age) whereas Mann‑Whitney U tests were 
used to compare data with non‑normal distribution (length of 
hospital stay). Categorical values were compared using Fisher's 
exact test. Univariate linear mixed effects model tests were 
used to compare the evolution of clinical parameters (PSI, 
NEWS‑2 and COVID‑GRAM) between patients according to 
their reason for discharge (improvement or death; fixed effect) 
during the hospitalization period (repeated observations), 
employing two random variables (month of hospital admis‑
sion and length of hospital stay). Additionally, mixed‑effects 
multinomial logistic regression models were constructed for 
analysis of longitudinal nominal data [yes vs. no; patients 
in critical condition, with mechanical ventilation, elevated 
serum D‑dimer, lactate dehydrogenase, ferritin, or blood urea 
nitrogen (BUN) or use of antibiotics or amines] comparing the 
basal values with the values of subsequent days. To determine 
predictive capacity for mortality of the clinical severity scales 
and indices, the areas under the ROC curve (AUCs) were 
calculated for the different scales with their 95% confidence 
intervals, cut‑off point, P‑values along with sensitivity, speci‑
ficity, and predictive values upon admission and at 2, 4, 6, and 
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8 days of hospitalization. Predictive capacity was classified 
based on AUC values as follows: 0.50‑0.60 (failed), 0.61‑0.70 
(worthless), 0.71‑0.80 (poor), 0.81‑0.90 (good) and >0.90 
(excellent), as previously described (54,55). Regarding the 
scales (PSI, Kirby index, COVID‑GRAM, NEWS‑2, qSOFA, 
MuLBSTA and FIB‑4), the cut‑off point was selected based 
on the point on the curve that provided the highest sensitivity 
and specificity (56). Sensitivity and specificity were classified 
as follows: High, >80; moderate, 65‑80% and low, <65% (57). 
The statistical analysis was performed using SPSS software, 
version 20 (IBM Corp.).

Results

Patient characteristics and outcomes. During the study 
period from February 1, 2021, to December 31, 2022 (Fig. 1), 
1747 patients were admitted to the respiratory area of the 
internal medicine service at General Hospital Zone #1, Villa de 
Álvarez, Colima. Of these, 1,247 were excluded due to bacte‑
rial or influenza pneumonia (without COVID‑19), pregnancy, 
age under 18 years and incomplete medical records, leaving 
515 patients included in the analysis. The mean age was 
63.3±16.1 years with differences between those who lived or died 
(60.9±16.7 vs. 66.7±14.2 years, respectively). The percentage of 
male patients was 61.9%, with no differences regarding sex for 
mortality. Patients who died had a higher comorbidity index, 
use of amines, hemodialysis and invasive ventilatory support, 
as well as a higher score in all severity indices analyzed upon 
hospital admission (except Kirby index, where its value is 
inversely proportional to severity of the disease; Table I). The 
median length of hospital stay was a 7.0 days (range, 1‑38), being 
shorter for patients discharged due to improvement (median of 
4‑6 days, range, 1‑29) compared with those discharged due 
to death (median of 8.0 days, range, 1‑38; Table I). The char‑
acteristics of patients upon admission, as well as the primary 
treatments used during hospitalization according to their final 
discharge status (alive or deceased), are summarized in Table I. 
A total of 31.9% of patients presented with critical illness at the 
time of admission. Mortality in the analyzed cohort was 43.9%. 

Variability of clinical markers during hospitalization. Fig. 2A 
illustrates the progression of patient outcomes from admission 
(baseline) to day 8. A significant increase in patient mortality 
was observed. Specifically, on day 7, 44% of admitted 
patients died, while among those still hospitalized on day 7, 
the mortality rate increased to 53%. Similarly, on day 8, 
mortality rate further rose to 56%. In patients hospitalized 
with COVID‑19, the disease state was not static; the propor‑
tion of patients with critical illness and requiring mechanical 
ventilation increased with time (Fig. 2B and C). Therefore, the 
value of clinical markers changed throughout the hospitaliza‑
tion period. The proportion of patients with elevated serum 
levels of D‑dimer, lactate dehydrogenase, ferritin and BUN 
increased with hospital stay (Fig. 2D‑G), as did the need for 
antibiotic treatment or support with amines (Fig. 2H and I). 
Furthermore, PSI, NEWS‑2, and COVID‑GRAM remained 
relatively constant over time, although their values differ 
depending on the reason for discharge from the hospital 
(improvement or death; Fig. 2J‑L).

Predictive capacity of mortality according to severity scales 
and indices over the course of hospitalization. Table II shows 
predicted mortality at each time point. AUC was calculated 
to determine the optimal cut‑off point for each variable in 
predicting death at different time points (Table II). For all time 
points, the index with the highest predictive power for mortality 
(according to its AUC values) was NEWS‑2, followed by PSI 
and COVID‑GRAM. These parameters increased predic‑
tive power as the hospitalization time progresses. NEWS‑2 
had good predictive power up to 2 and excellent power from 
4 days h. NEWS‑2 had the highest sensitivity to predict death 
(>96% in all periods evaluated), but its specificity was low 
(22.9% on admission to 58.1% on day 8 of hospitalization). 
PSI had good predictive capacity from admission to day 6 and 
excellent power at day 8. Its sensitivity was high (>80%) in 
all periods, with moderate specificity ranging from 70.6 to 
77.3%. COVID‑GRAM had good predictive capacity at all 
time points with high sensitivity (84.2‑87.3%), albeit with 
low‑to‑moderate specificity (61.5‑67.6%). The qSOFA index 

Figure 1. Flowchart of recruitment of hospitalized patients with COVID‑19. COVID‑19, Coronavirus Disease 2019.
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had an AUC with worthless predictive power (0.697) on the 
admission, improving its predictive capacity from 96 h (AUC, 
0.842). MuLBSTA and Kirby index had poor predictive power 
on hospital admission (AUC, 0.726 and 0.748, respectively), 
with decreased after 6 days. Kirby index predictive power for 
patient survival is shown. MuLBSTA and qSOFA had high 
sensitivity at all time points (85‑99%) with low specificity 
(14‑33%). Kirby index showed low sensitivity (57.9% on day 0 
and 57.1% on day 2) and high specificity in the first 2 days 
(82.5% on day 0 to 84.2% on day 2). However, after six days, 
both sensitivity and specificity decreased (45.7 and 59.4%, 
respectively). FIB‑4 demonstrated statistically significant 
predictive capacity at all time points, albeit with limited 

clinical value (AUC, 0.639‑0.698) and showing low sensitivity 
and specificity. Fig. 3 plots the AUC of indices over time, 
showing that NEWS‑2 and PSI had lowest predictive capacity, 
and this increased with length of hospital stay.

AUC was calculated to determine the optimal cut‑off point 
for several common clinical biomarkers [neutrophil/lympho‑
cyte ratio (NLR), serum lactate dehydrogenase (LDH), 
D‑dimer, and ferritin) predicting death at various time points 
(Table III). All of these biomarkers exhibited variable predic‑
tive capacity depending on the evaluated time point. Although 
serum ferritin showed statistically significant predictive 
capacity at all time points, it was deemed worthless (Table III). 
LDH demonstrated poor predictive capacity in all analyses. 

Table I. Clinical characteristics of patients.

Characteristic All (n=515) Lived (n=289) Died (n=226) P‑value

Mean age, years 63.3±16.1 60.9±16.7 66.7±14.2 <0.001a

Median hospital stay, days (Q1‑Q3) 7.0 (4‑11) 6.0 (4‑9) 8.0 (5‑14) <0.001b

Male (%) 61.9 60.0 64.1 0.194c

Mean BMI 30.3±6.9 30.3±6.8 30.7±6.7 0.726a

Diabetes (%) 43.3 44.5 41.8 0.302c

High blood pressure (%) 42.3 50.2 32.9 <0.001c

COPD/asthma (%) 10.4 7.9 13.5 0.029c

Smoker (%) 7.6 5.6 10.0 0.045c

Cirrhosis (%) 3.5 3.2 3.8 0.439c

Cancer (%) 0.4 0.4 0.4 0.704c

CKD (%) 22.4 19.6 25.6 0.065c

Autoimmune disease (%) 6.0 5.7 6.4 0.445c

Heart disease (%) 3.5 2.5 4.7 0.135c

Mean Charlson index 3.6±2.1 3.2±2.1 4.1±2.1 <0.001a

Vaccinated (%) 43.9 51.2 35.0 <0.001c

Critical COVID (%) 31.9 9.3 59.0 <0.001c

Mean PSI  105.0±40.4 88.1±29.7 133.7±37.3 <0.001a

Mean COVID‑GRAM 128.0±35.2 116.8±2.3 9.6±3.2 <0.001a

Mean NEWS 7.0±3.4 5.5±29.7 133.7±37.3 <0.001a

Mean qSOFA 1.00±0.70 0.96±0.46 1.52±0.81 <0.001a

Mean MuLBSTA 9.0±2.8 8.2±2.6 10.4±2.6 <0.001a

Mean Kirby index 158.0±126.4 231.8±132.7 132.5±93.1 <0.001a

Median FIB‑4 (Q1‑Q3) 1.63 (0.95‑3.02) 1.35 (0.85‑2.28) 2.16 (1‑25‑3.69) <0.001b

Treatment (%)c    

  Paracetamol 11.3 12.5 9.8 0.213
  Anticoagulants 90.5 88.6 92.7 0.074
  Antibiotics 48.4 45.9 51.5 0.119
  Amine support 8.6 2.5 15.8 <0.001
  Steroids 92.9 95.7 92.0 0.003
  Diuretics 14.2 13.7 14.8 0.408
  Mechanical ventilation 32.0 3.6 66.2 <0.001
  Hemodialysis 10.3 6.8 14.5 0.003

Analyzed by aunpaired student's t, bMann‑Whitney U and cFisher's exact test. CKD, chronic kidney disease; PSI, pneumonia severity index; 
COVID‑GRAM, Critical Illness Risk Score; NEWS, national early warning score; FIB‑4, fibrosis‑4; BMI, Body Mass Index; High blood 
pressure (%) was determined as a reading of 140/90 mmHg or higher, or by a prior diagnosis or treatment for hypertension, according to JNC 
8 criteria (36,37); COPD, Chronic Obstructive Pulmonary Disease; COVID, Coronavirus Disease; qSOFA, quick Sequential Organ Failure 
Assessment score; MuLBSTA, the Viral Pneumonia Mortality Score. Q1‑Q3: 25‑75th percentile. 
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NLR and D‑dimer showed inadequate predictive ability on 
admission day (AUC 0.645 and 0.692, respectively) and the 
second day (AUC 0.649 and 0.652, respectively), but improved 
to poor on the fourth day (AUC, 0.754 and 0.728, respectively). 
Notably, NLR significantly enhanced its predictive capacity on 
days 6 and 8 of hospitalization (AUC 0.855 and 0.833, respec‑
tively), while D‑dimer maintained poor predictive capacity 
(AUC 0.680 and 0.787, respectively).

Discussion

In patients hospitalized with severe and critical COVID‑19, 
there are variations among severity indices regarding their 
ability to predict death, which may also change as the 
hospital stay progresses. NEWS‑2 and PSI were the best 
indices for predicting death in patients hospitalized with 
COVID‑19 from admission to day 8, although PSI showed 

Figure 2. Clinical parameters and treatment of patients with COVID‑19 over the first 8 days of hospitalization. (A) Proportion of patients who died or survived. 
Compared with baseline data, the proportion of patients who died increased significantly on days 7 (P=0.037) and 8 (P=0.007). (B) Proportion of patients 
in critical condition significantly increased on days 6 (P=0.024), 7 (P=0.002) and 8 (P<0.001). (C) Proportion of patients requiring mechanical significantly 
increased ventilation on days 3 (P=0.034) and 4‑8 (all P<0.001). (D) Proportion of patients with elevated serum D‑dimer significantly increased on days 6‑8 
(all P<0.001). (E) Proportion of patients with elevated serum lactate dehydrogenase significantly increased on days 5 (P=0.016), 6 (P=0.036), 7 (P=0.029) and 
8 (P=0.039). (F) Proportion of patients with elevated serum ferritin significantly increased on days 2‑8 (all P<0.001). (G) Proportion of patients with elevated 
blood urea nitrogen significantly increased on days 6 (P=0.011), 7 (P=0.001) and 8 (P=0.006). (H) Proportion of patients requiring antibiotics significantly on 
days 3 (P=0.014), 4 (P=0.002) and 5‑8 (all P<0.001). (I) Proportion of patients requiring amine therapy significantly increased on days 4 (P=0.009), 5 (P=0.002) 
and 6‑8 (all P<0.001). All comparisons were conducted using mixed‑effects multinomial logistic regression analysis. *P<0.05 vs. baseline. (J) National early 
warning score 2, (K) pneumonia severity index and (L) COVID‑GRAM remained relatively constant over time, although their values differ depending on the 
reason for discharge from the hospital (improvement or death) *P<0.001. COVID‑19, Coronavirus Disease 2019; COVID‑GRAM, Critical Illness Risk Score.
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Table II. Predictive capacity of PSI, Kirby index, COVID‑GRAM, NEWS‑2, qSOFA, MuLBSTA for mortality in patients with 
COVID‑19.

A, Day 0        

Index AUC 95% CI P‑value Cut‑off value SEN, % SPEC, % PPV, % NPV, %

NEWS‑2 0.857 0.823‑0.891 <0.001 12.00 96.40 22.90 62.29 87.50
PSI 0.824 0.787‑0.861 <0.001 114.00 80.40 70.60 76.73 74.88
COVID‑GRAM 0.819 0.781‑0.856 <0.001 142.00 87.30 61.50 72.81 80.34
MuLBSTA 0.726 0.682‑0.770 <0.001 12.00 89.80 33.00 61.80 72.81
qSOFA 0.697 0.650‑0.745 <0.001 3.00 98.90 14.00 57.99 91.42
Kirby 0.748 0.704‑0.792 <0.001 198.00 57.90 82.50 79.89 61.93
FIB‑4 0.639 0.029‑0.583 <0.001 1.64 61.20 38.70 56.80 61.20

B, Day 2        

Index AUC 95% CI P‑value Cut‑off value SEN, % SPEC, % PPV, % NPV, %

NEWS‑2 0.876 0.854‑0.897 <0.001 12.00 96.90 30.30 62.73 89.10
PSI 0.832 0.806‑0.857 <0.001 115.00 81.20 70.50 77.24 75.17
COVID‑GRAM 0.816 0.789‑0.843 <0.001 142.00 86.80 61.20 73.19 79.17
MuLBSTA 0.730 0.699‑0.761 <0.001 12.00 90.00 33.50 62.69 72.90
qSOFA 0.744 0.713‑0.775 <0.001 3.00 98.90 16.70 59.39 92.59
Kirby 0.768 0.731‑0.805 <0.001 196.00 57.10 84.20 78.66 65.80
FIB‑4 0.627 0.531‑0.723   0.009 1.26 65.60 35.70 62.70 65.60

C, Day 4         

Index AUC 95% CI P‑value Cut‑off value SEN, % SPEC, % PPV, % NPV, %

NEWS‑2 0.921 0.904‑0.938 <0.001 12.00 97.60 33.70 64.87 91.87
PSI 0.866 0.841‑0.890 <0.001 115.00 81.70 75.50 80.70 76.64
COVID‑GRAM 0.824 0.797‑0.852 <0.001 142.00 85.00 65.90 75.45 78.04
MuLBSTA 0.732 0.700‑0.765 <0.001 12.00 88.90 33.80 62.83 70.68
qSOFA 0.842 0.817‑0.867 <0.001 3.00 98.80 23.30 61.85 94.00
Kirby 0.659 0.573‑0.740 <0.001 124.00 58.50 66.80 37.62 82.46
FIB‑4 0.614 0.518‑0.709   0.020 1.37 59.20 40.00 63.40 59.20

D, Day 6         

Index AUC 95% CI P‑value Cut‑off value SEN, % SPEC, % PPV, % NPV, %

NEWS‑2 0.945 0.929‑0.961 <0.001 11.00 98.30 49.10 66.73 96.53
PSI 0.887 0.862‑0.912 <0.001 122.00 86.90 77.30 79.84 85.06
COVID‑GRAM 0.822 0.791‑0.854 <0.001 147.00 85.90 65.20 71.46 82.02
MuLBSTA 0.695 0.656‑0.734 <0.001 12.00 86.30 32.60 57.16 69.62
qSOFA 0.877 0.853‑0.902 <0.001 3.00 99.20 29.80 59.52 97.11
Kirby 0.535 0.425‑0.645   0.308 119.00 45.70 59.40 18.82 84.16
FIB‑4 0.699 0.599‑0.799 <0.001 1.31 63.90 31.40 74.20 63.90

E, Day 8         

Index AUC 95% CI P‑value Cut‑off value SEN, % SPEC, % PPV, % NPV, %

NEWS‑2 0.955 0.938‑0.972 <0.001 11.00 99.10 58.10 65.68 58.10
PSI 0.901 0.874‑0.928 <0.001 129.00 90.10 72.20 72.20 90.09
COVID‑GRAM 0.829 0.792‑0.866 <0.001 151.00 84.20 67.60 67.03 84.54
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the best balance between specificity and sensitivity. These 
results are consistent with those previously reported by 
Artero et al (58) in hospitals in Spain, where it was shown that 
PSI and CURB‑65 were better than qSOFA and MuLBSTA 
at predicting mortality in patients with COVID‑19 and 

pneumonia, and that PSI had the highest sensitivity (84.1%) 
and specificity (72.2%). The predictive capability of PSI for 
hospital mortality was similar to that in other studies (AUC, 
0.77‑0.85) (22,24,59). The main drawback that has previously 
postulated on the PSI is the high score assigned to comorbidity 

Table II. Continued.

E, Day 8         

Index AUC 95% CI P‑value Cut‑off value SEN, % SPEC, % PPV, % NPV, %

MuLBSTA 0.691 0.645‑0.737 <0.001 12.00 85.30 33.30 50.93 73.60
qSOFA 0.892 0.865‑0.919 <0.001 3.00 100.00 36.30 55.63 100.00
Kirby 0.569 0.427‑0.711   0.253 123.00 51.90 56.30 16.09 87.85
FIB‑4 0.698 0.579‑0.816 ≤0.001 1.34 59.7 29.70 77.60 59.70

A score equal to or higher than the cut‑off point in NEWS‑2, PSI, C‑GRAM, MuLBSTA, and qSOFA is the predictor of patient death. In the 
Kirby Index, a score equal to or lower than the cut‑off point is the predictor of patient death, showing the AUC value representing the predictive 
capacity for patient survival. AUC, area under the curve; SEN, sensitivity; SPEC, specificity; PPV, positive predictive value; NPV, negative 
predictive value; NEWS‑2, National Early Warning Score 2; PSI, Pneumonia Severity Index; COVID‑GRAM, Critical Illness Risk Score; 
MuLBSTA, Viral Pneumonia Mortality Score; qSOFA, Quick Sequential Organ Failure Assessment Score; FIB‑4, Fibrosis‑4. 

Figure 3. Changes in predictive power (AUC, with 95% confidence intervals) during hospitalization for (A) National Early Warning Score, (B) Pneumonia 
Severity Index, (C) COVID‑GRAM, (D) MuLBSTA, (E) Quick Sequential Organ Failure Assessment Score, (F) Kirby and (G) fibrosis‑4 index. AUC, area 
under the curve; COVID‑GRAM, Critical Illness Risk Score; MuLBSTA, the Viral Pneumonia Mortality Score.
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and age variables, which could bias the risk assessment, 
especially if other clinically relevant factors do not receive 
the same weight. This could result in an overestimation of 
risk for certain patients, potentially leading to inappropriate 
clinical decisions such as unnecessary hospitalization or 

overly aggressive treatments (37,43), although this does not 
affect its predictive capacity in COVID‑19. 

The present study identified potential factors that could 
enhance the sensitivity and specificity of predictive models 
for mortality in patients with severe and critical COVID‑19. 

Table III. Predictive capacity of NLR, D‑dimer, ferritin, and LDH for mortality in patients with COVID‑19.

A, Day 0        

Index AUC 95% CI P‑value Cut‑off value SEN, % SPEC, % PPV, % NPV, %

NLR 0.645 0.596‑0.695 <0.001 9.90 61.10 37.20 57.60 61.10
Dimer‑D 0.692 0.611‑0.772 <0.001 607.00 66.70 39.00 55.20 66.70
LDH 0.710 0.662‑0.758 <0.001 355.00 59.10 29.00 63.80 59.10
Ferritin 0.586 0.511‑0.660 0.024 634.00 54.10 44.20 48.20 54.10

B, Day 2        

Index AUC 95% CI P‑value Cut‑off value SEN, % SPEC, % PPV, % NPV, %

NLR 0.649  0.586‑0.712 <0.001 10.50 61.80 39.40 56.30 61.80
Dimer‑D 0.652 0.560‑0.744 0.001 699.00 60.00 40.70 50.00 60.00
LDH 0.774 0.695‑0.854 <0.001 351.00 68.90 29.20 66.70 68.90
Ferritin 0.607 0.518‑0.696 0.018 783.00 53.60 45.20 46.80 53.60

C, Day 4         

Index AUC 95% CI P‑value Cut‑off value SEN, % SPEC, % PPV, % NPV, %

NLR 0.754 0.699‑0.809 <0.001 11.50 71.10 29.30 69.70 71.10
Dimer‑D 0.728 0.644‑0.812 <0.001 935.00 66.70 35.20 63.80 66.70
LDH 0.794  0.721‑0.867 <0.001 345.00 68.00 24.30 75.00 68.00
Ferritin 0.653 0.574‑0.732 <0.001 665.00 60.20 39.30 61.50 60.20

D, Day 6         

Index AUC 95% CI P‑value Cut‑off value SEN, % SPEC, % PPV, % NPV, %

NLR 0.855 0.806‑0.904 <0.001 12.75 69.70 21.60 79.00 69.70
Dimer‑D 0.680 0.575‑0.785 0.001 1411.00 60.40 38.30 64.00 60.40
LDH 0.792 0.703‑0.881 <0.001 365.00 64.90 25.00 80.00 64.90
Ferritin 0.623  0.527‑0.719 0.012 876.10 60.30 37.30 66.70 60.30

E, Day 8         

Index AUC 95% CI P‑value Cut‑off value SEN, % SPEC, % PPV, % NPV, %

NLR 0.833 0.768‑0.898 <0.001 14.14 68.80 19.70 82.10 68.80
Dimer‑D 0.787 0.691‑0.883 <0.001 1610.00 0.706 23.50 81.80 70.60
LDH 0.701 0.594‑0.809 <0.001 365.50 60.00 34.20 73.50 60.00
Ferritin 0.640 0.539‑0.742 0.007 985.90 62.90 35.80 67.20 62.90

A score equal to or higher than the cut‑off point in NLR, D‑dimer, ferritin, and LDH predicts patient death. AUC (area under the curve), 
SEN (sensitivity), SPEC (specificity), PPV (positive predictive value), and NPV (negative predictive value) are utilized. NLR represents 
neutrophil/lymphocyte ratio, LDH denotes Serum Lactate Dehydrogenase.
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Longitudinal data on specific clinical markers such as NLT, 
or serum levels of D‑dimer, lactate dehydrogenase and ferritin 
throughout the hospitalization period could assist clinicians in 
evaluating patient prognosis. However, utility of these markers 
varied, and they did not surpass the predictive capacity of PSI, 
NEWS‑2, or COVID‑GRAM indices. LDH exhibited poor 
predictive capacity, albeit consistent over time. Conversely, 
the markers D‑dimer and NLR lacked predictive utility upon 
admission and on the second day, thought their predictive 
capacity improved from day 4 onwards. NLR, which displayed 
good predictive capacity on days 6 and 8 (AUC 0.855 AND 
0.833, respectively). These findings align with previous 
studies (10,60,61). Additionally, integrating demographic 
variables such as age, comorbidities, and vaccination status 
may predict prognosis for each patient (10). Use of steroids 
in the present cohort was significantly higher in patients who 
survived, which may have contributed to improved prognosis, 
consistent with evidence supporting the use of steroids in 
patients with COVID‑19, especially those requiring mechan‑
ical ventilation (62). These insights underscore the importance 
of considering temporal trends in clinical markers, such as 
serum levels of D‑dimer, which demonstrated increasing 
predictive power for mortality as hospitalization progressed. 

While NEWS‑2 has shown variability in its predictive 
capacity for mortality across different studies and populations, 
with an AUC of 0.68 (with low sensitivity and specificity) 
in the UK population, a study in the Spanish population 
obtained an AUC of 0.81, with moderate sensitivity and low 
specificity (12,47,49). Other indices, such as qSOFA, also show 
notable variability in their predictive capacity in different 
populations, ranging from an AUC of 0.67 to 0.95 (22,24,58). 
Therefore, there is a controversy assuming its relevance for 
predicting hospital mortality for various diseases (27,51,52). 
This is consistent with the results of the present report, where 
it showed variability in its predictive capacity, which ranged 
from worthless to good, at the different evaluation time points 
(AUC 0.69 to 0.89). Regarding the MuLBSTA scale, it has 
been considered to have potential clinical utility for stratifying 
the progression of SARS‑CoV‑2 disease. However, this has 
been established mainly in Asian and Indian populations 
and in mild‑to‑moderate COVID‑19 disease (53,63), and in a 
Spanish cohort of hospitalized patients (64). Therefore, it was 
relevant to extrapolate the use of this scale in a Latin American 
population and to evaluate its use not only upon hospital 
admission and discharge. In hospitalized Spanish patients, 
the MuLBSTA scale had a poor predictive capacity (AUC 
0.73) for mortality/mechanical ventilation, with the PSI and 
CURB‑65 indices having better predictive capacity (64). This 
is consistent with the results of the present study, where the 
MuLBSTA scale demonstrates that it is capable of predicting 
the death of patients hospitalized with COVID‑19, but with 
variability depending on the evaluation time during their 
hospital stay (AUC varies from 0.69 to 0.82). COVID‑GRAM 
had good predictive capacity at all time points with high 
sensitivity (84.2‑87.3%), albeit with low‑to‑moderate speci‑
ficity (61.5‑67.6%). The above is consistent with previous 
studies that report it as an index, which with a cut‑off point 
(≥89) similar to those found in the present work (>86), had a 
very high sensitivity (97.7%), but low specificity (32.7%) for 
developing critical illness (16,46). 

The variability in the predictive capacity reported for 
severity indices in COVID‑19 may be due to differences 
in characteristics of the analyzed populations, especially 
regarding risk factors (comorbidity, age, vaccination status, 
and therapeutic strategies), which are also reflected in 
the variations in the mortality rate in different cohorts 
analyzed (10,23,65). The present study was conducted in a 
cohort of hospitalized patients with COVID‑19 with adverse 
prognosis and high mortality (45.5%, one of the highest in 
the world) (10) compared with other studies that had lower 
mortality rates, ranging from 2.3 to 30.5% (22‑24,58). Another 
strength of the present study is that the predictive power was 
determined at different time points. Previous reports have 
generally evaluated the predictive power of indices only at 
hospital admission (22‑24). 

The present results reveal that there are indices whose predic‑
tive capacity remains relatively constant (COVID‑GRAM, 
MuLBSTA and FIB‑4), increase (NEWS‑2, PSI, qSOFA) or 
decrease (Kirby index) as the hospital stay progresses. Each 
severity index is derived from clinical parameters, which may 
undergo varying degrees of change throughout hospitaliza‑
tion. Consequently, the predictive efficacy of each index may 
fluctuate based on the significance and temporal variability of 
the clinical parameters it encompasses. In particular, the vari‑
ability in the predictive capacity of severity indices, including 
the decline in the predictive power of the Kirby index over 
time, could be influenced by the evolving clinical trajectory 
of the disease, heterogeneous manifestations of COVID‑19 
and factors such as patient demographics and treatment 
strategies (18). Further research is warranted to understand 
the underlying mechanisms driving these changes and to opti‑
mize integration of the Kirby index into clinical practice for 
prognostication in patients with COVID‑19.

FIB‑4 index was confirmed as a tool capable of predicting 
mortality in patients with COVID‑19, which agrees with 
previous studies (20,21). Its predictive capacity remained 
consistent across the evaluated periods, although it was lower 
(AUC 0.639‑0.698) compared with that previously reported in a 
Taiwanese population (AUC, 0.863) (20). These disparities may 
be because these populations exhibited significantly different 
mortality outcomes. For example, in the Taiwanese cohort 
(n=221), the median FIB‑4 on admission was 1.91, with 4.5% 
of patients succumbing to the illness, while in the present study 
(n=515), these values were 4.68 and 43.9%, respectively (66).

The variations in the predictive capacity of severity 
indices among patients hospitalized with severe and critical 
COVID‑19 underscore the complex nature of prognostication 
in this population. While NEWS‑2 and PSI were the most 
reliable predictors of mortality, it is crucial to understand the 
factors contributing to the varying performance of indices 
over time. Notably, the present analysis revealed a decline 
in the predictive power of Kirby index over time, which may 
reflect the dynamic changes in lung function and oxygenation 
status during hospitalization. 

In standard ROC curve analysis, a marker is measured at 
one time, assuming that the marker value (or index) remains 
fixed throughout the study period. However, in practice, both 
the disease state and level of prognostic biomarkers change over 
time (26). During the course of a disease, clinical status varies, 
making time‑dependent ROC curve analysis appropriate. A 
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ROC curve can be generated at various time points and the 
predictive capacity of the marker can be compared (26). 
Therefore, the time‑dependent ROC curve is an effective tool 
for measuring performance or robustness of a marker, given the 
changing clinical status. The predictive capacity of a marker 
may weaken or strengthen as the target time moves away from 
baseline. Using a time‑dependent ROC curve for an index or 
marker that varies over time is most appropriate for guiding key 
medical decisions (26). This is relevant in conditions that can 
be highly fluctuating, such COVID‑19. In countries and hospi‑
tals with limited resources, it is key to obtain reliable clinical 
severity scales and indices that allow for effective and early 
medical care for patients at high risk of mortality. Identifying 
the best prognostic index, particularly one whose predictive 
power remains constant during hospital stay, is key. Therefore, 
the results of the present study can be useful for clinicians. 
There are other severity scores for community‑acquired pneu‑
monia such as The confusion, uremia, respiratory rate, BP, age 
≥65 years) and A‑DROP (age, dehydration, respiratory failure, 
orientation disturbance, and low blood pressure) scores, whose 
predictive utility is specifically established in patients aged 
>65 and 70 years, respectively, as well as in bacterial pneu‑
monia, with limited prognostic capacity for assessing severity 
in viral infection (67‑69).

One important aspect is the possibility of simultaneously 
applying two or more scales during clinical course to assess 
their condition and guide treatment. While certain scales may 
not be effective at certain stages, they may provide valuable 
clinical insights for future considerations. This approach 
allows for a more comprehensive evaluation of the patient 
progression and enables clinicians to adapt treatment strate‑
gies, leveraging the strengths of different scales to optimize 
patient care over time. ROC curve provides a valuable tool for 
evaluating and enhancing performance of assessment scales. 
Strategies to improve scales may include incorporating new 
biomarkers, refining inclusion criteria, external validation, 
optimizing cutoff points and considering confounding factors. 
These strategies can enhance accuracy and reliability of 
scales, resulting in more effective and personalized clinical 
decision‑making. However, one aspect that must be consid‑
ered when the various predictive scales are used for clinical 
purposes is that currently there is no standard definition of 
high, moderate, or low specificity and/or sensitivity. Although 
this stratification has been used in various contexts (70,71), its 
interpretation depends on the clinical context and the specific 
disease or condition (57).

In conclusion, in hospitalized patients with COVID‑19 and 
a high mortality rate, NEWS‑2 scale has the best predictive 
power; it has high sensitivity but low specificity, indicating that 
it is unlikely to give a false negative result. Therefore, it would 
identify patients who are likely to die, but it would also inform 
patients who will not die of this possibility. NEWS‑2 (a test 
with high sensitivity) can be useful for ruling out (with good 
certainty) the possibility of death if a person has a negative 
result. On the other hand, PSI also has good to excellent predic‑
tive capacity, but additionally has a more balanced sensitivity 
and specificity (high and moderate, respectively), making it 
a useful and practical indicator for clinical use. Additionally, 
in hospitalized patients with COVID‑19, where the disease 
and severity indices can be variable, using time‑dependent 

ROC curves is an effective tool for measuring predictive 
performance of various indices. NEWS‑2 and PSI indices 
were the most robust instruments for predicting patient death 
throughout hospital stay.
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