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A B S T R A C T

Study objective: SOFA-1 underpins Sepsis-3 definitions but may no longer optimally reflect contemporary ICU 
practice; SOFA-2 was recently developed from large multinational datasets, yet its prognostic performance in 
septic populations remains unknown. We aimed to compare the prognostic performance of SOFA-1 and SOFA-2 
in ICU patients with sepsis.
Design: Retrospective cohort study.
Setting and participants: This study was conducted using the MIMIC-IV database. A total of 30,667 adult patients 
(≥18 years) with first ICU admissions meeting Sepsis-3 criteria were included.
Main outcome measures: ICU mortality and in-hospital mortality. We compared discrimination (AUC), calibra
tion, net reclassification improvement (NRI), integrated discrimination improvement (IDI), decision curve 
analysis and time-dependent survival.
Results: Among 30,667 patients, 87.0% met both SOFA-1 and SOFA-2 criteria, 12.0% met only SOFA-2 criteria, 
and 1.0% met only SOFA-1 criteria. SOFA-2 total scores were systematically higher than SOFA-1, driven pri
marily by updated renal, cardiovascular and brain scoring criteria. SOFA-2 demonstrated modestly but con
sistently better discrimination for ICU mortality (AUC 0.779 vs. 0.755; P  <  0.001) and hospital mortality (AUC 
0.745 vs. 0.725; P  <  0.001), with significant reclassification improvement for ICU mortality (NRI 0.143; IDI 
0.020). In multivariable Cox models, SOFA-2 achieved higher AUCs for 7‐day (0.790 vs. 0.771), 28-day (0.709 
vs. 0.697) and 90-day mortality (0.682 vs. 0.671; all P  <  0.001), with consistent advantages across all pre
specified subgroups.
Conclusions: SOFA-2 provides modestly but consistently better prognostic performance than SOFA-1 in septic 
ICU patients. Whether this incremental gain justifies the added scoring complexity warrants prospective eva
luation.

Introduction

Sepsis remains a leading cause of morbidity and mortality in criti
cally ill patients. A recent global analysis estimated 166 million in
cident cases and 21.4 million sepsis-related deaths in 2021, accounting 
for approximately 31.5% of all global deaths.1 In-hospital mortality 

among ICU patients with infection reaches 30%.2 Accurate early as
sessment of disease severity is essential for guiding clinical decision- 
making, allocating resources and informing prognosis.3

The Sequential Organ Failure Assessment (SOFA) score underpins 
the Sepsis-3 consensus definitions4 and is firmly established as the re
ference framework for organ dysfunction assessment in sepsis.5
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However, the original SOFA score (hereafter SOFA-1) was developed 
more than two decades ago,6 and several of its components may no 
longer optimally reflect contemporary ICU practice. Advances in va
sopressor therapy, respiratory support and overall sepsis management 
raise concerns about its calibration and discriminatory performance in 
modern populations.7,8 These limitations have prompted efforts to re
fine prognostic assessment, including modifications of SOFA compo
nents and machine learning-based prediction models,9,10 though many 
remain constrained by limited interpretability or inconsistent valida
tion.11

In response, a revised scoring framework, SOFA-2, has recently been 
developed using large, multinational ICU datasets and data-driven 
methodology.12 SOFA-2 incorporates updated organ dysfunction vari
ables and revised thresholds that better reflect modern organ support 
practices. However, SOFA-2 was derived and validated in unselected 
ICU cohorts rather than specifically in patients meeting Sepsis-3 cri
teria, for which diagnosis and severity stratification remain anchored to 
SOFA-1.4 It remains unknown whether SOFA-2 meaningfully alters 
sepsis identification, risk stratification or mortality prediction in septic 
ICU populations.

We therefore hypothesised that SOFA-2 would demonstrate superior 
prognostic performance compared with SOFA-1 in septic ICU patients. 
To test this, we conducted a large-scale retrospective cohort study using 
the MIMIC-IV database, comparing the discrimination, calibration and 
clinical utility of both scoring systems for ICU and hospital mortality 
prediction, and further evaluating time-dependent prognostic perfor
mance at 7, 28 and 90 days. We quantified reclassification improve
ment using NRI and IDI, examined clinical outcomes among patients 
classified discordantly by the two scoring systems, and explored the 
prognostic contributions of individual organ-system components.

Methods

Study design and data source

This retrospective cohort study used data from MIMIC-IV (version 
3.1),13 a publicly available de-identified critical care database main
tained by the MIT Laboratory for Computational Physiology and hosted 
on PhysioNet. MIMIC-IV contains data from patients admitted to Beth 
Israel Deaconess Medical Center. We obtained access after completing 
the CITI programme and executing a data use agreement with Physi
oNet (credentialled access). As the database contains only de-identified 
data, the study was exempt from institutional review board approval 
and individual patient consent was not required.

Study population and sepsis definition

Adult patients (age ≥18 years) at first ICU admission were eligible. 
All patients were admitted to units tracked within the MIMIC-IV ICU 
module, which encompasses both intensive care units (ICUs; 95.9%) 
and step-down units (SDUs; 4.1%). All units provided continuous 
physiological monitoring, and SOFA-1/SOFA-2 scores were calculated 
identically regardless of unit designation.

We identified sepsis according to Sepsis-3 criteria,4 defined as sus
pected infection accompanied by an acute increase ≥2 points from 
baseline in SOFA-1 or SOFA-2. We identified suspected infection using 
the official MIMIC-IV-derived suspicion_of_infection table,14 requiring 
co-occurrence of antibiotic administration and microbiological culture 
within a defined time window (details in Supplementary Methods). 
SOFA-1 and SOFA-2 scores were calculated within the first 24 h of ICU 
admission based on published definitions,6,12 using a 48-h lookback 
window for laboratory values to accommodate infrequent bilirubin 
measurements (36.6% of intervals > 24 h; see Supplementary 
Methods). A concise summary of key operationalisation assumptions, 
full SOFA-1 vs SOFA-2 specification differences, and a sensitivity ana
lysis restricted to documented vasopressor exposure are reported in 

Supplementary Methods and Supplementary Tables S1 and S4. The 
complete SQL implementation is available at https://github.com/ 
wzwxh2023/SaAki_Sofa_benchmark.

We applied a union-based cohort definition: patients meeting the 
organ dysfunction threshold by either scoring system were classified as 
septic, then categorised into three mutually exclusive groups (Both- 
positive, SOFA-1-only, SOFA-2-only) based on diagnostic concordance 
(Fig. 1). The ≥2-point cutoff was applied to SOFA-2 because it was 
developed as a direct iterative replacement for SOFA-1 within the same 
0–24 scoring framework, and no alternative threshold has been re
commended by the SOFA-2 authors.

Outcomes and covariates

The primary outcomes were ICU mortality and in-hospital mortality. 
Secondary outcomes included mortality at 7, 28 and 90 days, and re
source utilisation (mechanical ventilation, RRT, vasopressors, length of 
stay). Covariates for adjustment included age, sex, Charlson 
Comorbidity Index (CCI) and extremes of vital signs within the first 
24 h.

Statistical analysis

Continuous variables were summarised as medians with inter
quartile ranges; categorical variables as counts with percentages. Group 
differences were quantified using standardised mean differences (SMD), 
with |SMD| > 0.1 indicating clinically meaningful imbalances.15

Missing score components were scored as zero per SOFA-2 Footnote b12; 
patients with missing covariates were excluded from multivariable 
modelling (N = 29,246).

Discriminative performance was evaluated using receiver operating 
characteristic (ROC) curve analysis. Area under the curve (AUC) values 
were calculated for binary mortality outcomes, and we performed 
paired comparisons using the DeLong test. Model calibration was as
sessed using the Brier score and calibration curves plotting observed 
versus predicted mortality probabilities across deciles of predicted risk. 
Clinical utility was evaluated using decision curve analysis (DCA), with 
net benefit calculated across threshold probabilities from 0.01 to 0.30. 
Incremental prognostic value was quantified using NRI and IDI with 
95% confidence intervals estimated by bootstrap resampling (1,000 
iterations).

Survival probabilities were estimated using the Kaplan–Meier method 
and compared across risk strata using the log-rank test. We defined risk 
groups using optimal cutpoints derived from maximally selected rank 
statistics. Multivariable Cox proportional hazards models were fitted, ad
justed for age, sex, CCI and vital signs. We compared concordance statis
tics between Cox models using the method of Kang et al.16 The cohort was 
chronologically divided using admission_year from icu_intime into a 
training set (earliest 70%; n = 20,597) and a temporal validation set (most 
recent 30%; n = 8,649).17 Prespecified subgroup analyses were stratified 
by age (≤65 vs. > 65 years, based on the WHO definition of older per
sons), sex, and CCI (≤3 vs. > 3). Sensitivity analyses used alternative 
cohort definitions (intersection, SOFA-1-only, SOFA-2-only). All analyses 
were performed using R (version 4.4.3).

Results

Baseline characteristics and patient groups

Among 30,667 patients meeting Sepsis-3 criteria, 26,684 (87.0%) 
met both SOFA-1 and SOFA-2 criteria (Both-positive), 3,677 (12.0%) 
met only SOFA-2 criteria (SOFA-2-only) and 306 (1.0%) met only 
SOFA-1 criteria (SOFA-1-only). Extreme group validation comparing 
sepsis patients with non-sepsis ICU patients (n = 34,699) confirmed 
clinical validity, with the sepsis group exhibiting 2.8-fold higher ICU 
mortality (11.1% vs. 3.9%), particularly in lower SOFA-1 score strata 
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(Supplementary Table S2). Baseline characteristics are presented in 
Table 1. The Both-positive group was older (median 68 years [IQR 
56–79]; SMD 0.31), had greater comorbidity burden (CCI 5 [3–7]; SMD 
0.27), and higher organ dysfunction scores than single-criterion groups. 
The largest inter-group differences were in minimum mean blood 
pressure (SMD 0.73), total SOFA-1 (SMD 1.31), and total SOFA-2 (SMD 
1.03) scores. Men predominated in the SOFA-1-only (60%) and Both- 
positive (58%) groups, whereas women were more prevalent in the 
SOFA-2-only group (52%; SMD 0.24). Emergency admissions were most 
frequent in the SOFA-2-only group (60%) compared with the Both- 
positive group (55%; SMD 0.18).

Comparison of SOFA-1 and SOFA-2 scores

In the overall screened ICU population (N = 65,366), the two 
scoring systems showed 93.9% diagnostic agreement (Fig. 2A). Despite 
this concordance, SOFA-2 total scores were systematically higher than 
SOFA-1 scores (P  <  2 × 10−16), with SOFA-2 yielding fewer patients 
clustering at low values (0–1) and a higher proportion at the upper 
range of the scale (Fig. 2B). Distribution analysis further illustrated this 
rightward shift in SOFA-2 values (Fig. 2C). Bland–Altman analysis 
confirmed that most score differences fell within the 95% limits of 
agreement, with a positive mean difference indicating systematically 
higher SOFA-2 values (Fig. 2D). The two scoring systems correlated 
strongly (r = 0.78; P  <  0.001; Fig. 2E). Organ-level subscore com
parisons revealed the largest divergences in the renal (+0.58), cardi
ovascular (+0.39) and brain (+0.27) domains, driven by updated 
thresholds and the incorporation of RRT and mechanical circulatory 
support in SOFA-2; in contrast, respiratory (+0.02) and liver (−0.07) 
scores were essentially unchanged (Fig. 2F; Supplementary Table S3
and Supplementary Fig. S1). Among patients scoring 4 in the renal 
domain, RRT accounted for 55.3%; ECMO contributed to only 3.0% of 
respiratory score 4 assignments.

All subsequent analyses are restricted to the sepsis cohort 
(N = 30,667 for descriptive analyses; N = 29,246 for prediction mod
elling).

Prognostic outcomes among sepsis groups

Clinical outcomes differed markedly across the three groups 
(Table 2). The Both-positive group had the highest ICU mortality 
(12.2%), hospital mortality (17.2%) and 28-day ICU mortality (20.3%), 
whereas the SOFA-2-only group had the lowest rates (3.3%, 6.3% and 
9.7%, respectively); the SOFA-1-only group (n = 14 ICU deaths, 4.6%; 
n = 23 hospital deaths, 7.5%) occupied an intermediate position (all 
P  <  0.001), though the small sample size (n = 306, 1.0%) warrants 
cautious interpretation of this subgroup’s estimates. Resource utilisa
tion followed concordant patterns (Table 2; Supplementary Fig. S2). 
ICU and hospital length of stay were longest in the Both-positive group 
(median 3.0 and 8.7 days), followed by the SOFA-1-only (2.2 and 6.5 
days) and SOFA-2-only (1.9 and 6.8 days) groups (P  <  0.001). The 
Both-positive group also had the highest rates of RRT use (8.8%), ad
vanced respiratory support (62.4%) and vasopressor use (48.9%), 
compared with substantially lower rates in the SOFA-1-only (5.2%, 
49.7% and 19.6%) and SOFA-2-only (1.5%, 32.8% and 13.4%) groups.

Predictive performance and reclassification

SOFA-2 achieved higher discrimination for ICU mortality (AUC 
0.779 [95% CI: 0.771–0.787] vs. 0.755 [0.746–0.764]) and hospital 
mortality (AUC 0.745 [0.737–0.753] vs. 0.725 [0.716–0.733]; both 
P  <  0.001 by DeLong test) (Fig. 3A, D). Calibration curves for both 
scores aligned closely with the ideal diagonal, indicating adequate 
agreement between predicted and observed probabilities (Fig. 3B, E). 
Decision curve analysis revealed a consistently higher net benefit for 
SOFA-2 across the range of clinically relevant threshold probabilities 

Fig. 1. Study flow diagram and analytical framework. From 94,458 ICU stays in MIMIC-IV v3.1, 65,366 adult patients with first ICU admissions were identified. Of 
these, 40,634 had suspected infection, and 30,667 met sepsis criteria (suspected infection accompanied by an acute increase ≥2 points in SOFA-1 or SOFA-2). 
Patients were classified into three groups: Both-positive (n = 26,684, 87.0%), SOFA-1-only (n = 306, 1.0%), and SOFA-2-only (n = 3,677, 12.0%). After excluding 
patients with missing covariates (n = 1,421), the modelling cohort (N = 29,246) was chronologically divided into a training set (earliest 70%; n = 20,597) and a 
temporal validation set (most recent 30%; n = 8,649).
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(Fig. 3C, F). Sensitivity analyses using alternative cohort definitions 
confirmed these findings, with SOFA-2 showing higher discrimination, 
adequate calibration, and higher net benefit across the SOFA-1-only 
(ICU AUC 0.931 vs. 0.839), SOFA-2-only (0.757 vs. 0.673), and Both- 
positive (0.768 vs. 0.741) subgroups (Supplementary Figs. S3–S5). A 
sensitivity analysis restricted to documented vasopressor exposure 
(excluding the MAP-based fallback pathway) confirmed that, in the 
sepsis cohort, mean total SOFA-2 remained higher than SOFA-1 and the 
discrimination advantage of SOFA-2 for both ICU and hospital mortality 
was preserved (Supplementary Methods §6, Supplementary Table S4).

In the full sepsis cohort (N = 30,667), SOFA-2 yielded significant 
reclassification improvement for ICU mortality (NRI 0.143 [95% CI: 
0.107–0.177]; IDI 0.020, P  <  0.001) and hospital mortality (NRI 0.133 

[0.102–0.164]; IDI 0.017, P  <  0.001) (Supplementary Fig. S6). Re
classification improvement persisted across all three concordance co
horts (Supplementary Figs. S7–S9).

Time-dependent survival analysis and risk stratification

In multivariable Cox regression models adjusted for age, sex, co
morbidities and vital signs, the SOFA-2-based model achieved higher 
AUCs for 7‐day (0.790 vs. 0.771), 28-day (0.709 vs. 0.697) and 90-day 
mortality (0.682 vs. 0.671; all P  <  0.001) (Fig. 4A–D). The C-index for 
the SOFA-2 model was uniformly higher across all time points: 7‐day 
(0.799 [95% CI: 0.791–0.808] vs. 0.781 [0.772–0.789]), 28-day (0.751 
[0.742–0.761] vs. 0.736 [0.726–0.745]) and 90-day (0.738 

Table 1 
Baseline characteristics of the sepsis cohort by SOFA-1/SOFA-2 concordance group (N = 30,667). 

Variables Overall n = 30,667 SOFA-1-only n = 306 SOFA-2-only n = 3,677 Both-positive n = 26,684 SMD

Age, years 67.00 (56.00, 78.00) 62.00 (50.00, 74.00) 65.00 (52.00, 76.00) 68.00 (56.00, 79.00) 0.31
Gender 0.24
F 13,214 (43.1) 123 (40.2) 1,914 (52.1) 11,177 (41.9)
M 17,453 (56.9) 183 (59.8) 1,763 (47.9) 15,507 (58.1)
Race 0.12
Asia 886 (2.9) 10 (3.3) 101 (2.7) 775 (2.9)
Black 2,618 (8.5) 29 (9.5) 337 (9.2) 2,252 (8.4)
Others 7,115 (23.2) 80 (26.1) 787 (21.4) 6,248 (23.4)
White 20,048 (65.4) 187 (61.1) 2,452 (66.7) 17,409 (65.2)
Admission Type 0.18
Elective 4,102 (13.4) 44 (14.4) 349 (9.5) 3,709 (13.9)
Emergency 16,914 (55.2) 156 (51.0) 2,206 (60.0) 14,552 (54.5)
Observation 3,434 (11.2) 39 (12.7) 440 (12.0) 2,955 (11.1)
Urgent 6,217 (20.3) 67 (21.9) 682 (18.5) 5,468 (20.5)
Unit 0.22
ICU 29,400 (95.9) 278 (90.8) 3427 (93.2) 25,695 (96.3)
SDU 1,267 (4.1) 28 (9.2) 250 (6.8) 989 (3.7)
Vital Signs
MBP, minimum (mmHg) 58.00 (52.00, 65.00) 66.00 (60.00, 74.38) 61.50 (54.00, 71.00) 58.00 (51.00, 64.00) 0.73
MBP, maximum (mmHg) 101.00 (90.00, 114.00) 105.00 (95.00, 117.75) 102.00 (92.00, 114.00) 100.00 (90.00, 114.00) 0.20
Respiratory Rate, minimum 12.00 (10.00, 15.00) 12.00 (10.00, 14.00) 13.00 (11.00, 15.00) 12.00 (10.00, 15.00) 0.24
Respiratory Rate, maximum 27.00 (24.00, 32.00) 27.00 (23.00, 31.00) 27.00 (24.00, 31.00) 28.00 (24.00, 32.00) 0.09
Temperature, minimum (°C) 36.44 (36.06, 36.67) 36.44 (36.17, 36.67) 36.50 (36.22, 36.72) 36.44 (36.00, 36.67) 0.24
Temperature, maximum (°C) 37.33 (37.00, 37.89) 37.33 (37.00, 37.86) 37.22 (36.94, 37.67) 37.33 (37.00, 37.90) 0.22
Heart Rate, minimum (bpm) 70.00 (61.00, 81.00) 69.00 (60.00, 81.00) 70.00 (61.00, 81.00) 70.00 (61.00, 81.00) 0.04
Heart Rate, maximum (bpm) 104.00 (91.00, 119.00) 104.00 (91.00, 118.00) 102.00 (90.00, 116.00) 104.00 (91.00, 119.00) 0.09
Glucose, minimum (mg/dL) 104.00 (87.00, 126.00) 101.00 (87.00, 121.25) 108.00 (93.00, 130.00) 103.00 (87.00, 126.00) 0.17
Glucose, maximum (mg/dL) 164.00 (130.00, 212.00) 157.00 (122.00, 196.25) 146.00 (118.00, 189.00) 167.00 (133.00, 215.00) 0.04
Comorbidities
CCI score 5.00 (3.00, 7.00) 4.00 (2.00, 7.00) 4.00 (2.00, 6.00) 5.00 (3.00, 7.00) 0.27
Congestive Heart Failure 8,465 (27.6) 58 (19.0) 769 (20.9) 7,638 (28.6) 0.23
Chronic Pulmonary Disease 7,793 (25.4) 61 (19.9) 1,016 (27.6) 6,716 (25.2) 0.18
Renal Disease 6,263 (20.4) 51 (16.7) 364 (9.9) 5,848 (21.9) 0.33
Diabetes Mellitus 7,205 (23.5) 66 (21.6) 699 (19.0) 6,440 (24.1) 0.12
Diabetes with Complications 3,022 (9.9) 22 (7.2) 251 (6.8) 2,749 (10.3) 0.12
Malignancy 4,245 (13.8) 37 (12.1) 529 (14.4) 3,679 (13.8) 0.07
SOFA-1 Total 5.00 (3.00, 8.00) 3.00 (2.00, 5.00) 1.00 (1.00, 3.00) 5.00 (3.00, 8.00) 1.31
SOFA-1 Respiration 0.00 (0.00, 3.00) 0.00 (0.00, 2.00) 0.00 (0.00, 0.00) 0.00 (0.00, 3.00) 0.69
SOFA-1 Coagulation 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 0.00) 0.00 (0.00, 1.00) 0.72
SOFA-1 Liver 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.48
SOFA-1 Cardiovascular 1.00 (1.00, 3.00) 1.00 (0.00, 1.00) 1.00 (0.00, 1.00) 1.00 (1.00, 3.00) 0.79
SOFA-1 Brain 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 0.00) 0.00 (0.00, 1.00) 0.59
SOFA-1 Renal 0.00 (0.00, 2.00) 0.00 (0.00, 1.00) 0.00 (0.00, 0.00) 1.00 (0.00, 2.00) 0.54
SOFA-2 Total 6.00 (4.00, 9.00) 3.00 (1.00, 5.00) 4.00 (3.00, 5.00) 7.00 (5.00, 9.00) 1.03
SOFA-2 Respiration 0.00 (0.00, 2.00) 0.00 (0.00, 0.00) 0.00 (0.00, 1.00) 1.00 (0.00, 2.00) 0.62
SOFA-2 Coagulation 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 0.00) 0.00 (0.00, 1.00) 0.69
SOFA-2 Liver 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.44
SOFA-2 Cardiovascular 2.00 (1.00, 3.00) 1.00 (0.00, 2.00) 1.00 (0.00, 2.00) 2.00 (1.00, 3.00) 0.79
SOFA-2 Brain 1.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 1.00 (0.00, 2.00) 0.46
SOFA-2 Renal 2.00 (1.00, 2.00) 0.00 (0.00, 2.00) 2.00 (1.00, 2.00) 2.00 (1.00, 2.00) 0.59

Note: Values are presented as median (IQR) for continuous variables and n (%) for categorical variables. Group differences are quantified using the maximum 
pairwise standardised mean difference (SMD) across the three concordance groups; |SMD| > 0.1 indicates clinically meaningful imbalances. Missing data proportions 
are reported in Supplementary Table S1. ʻElective’ refers to scheduled admissions, predominantly planned surgical procedures. Analysis population: sepsis cohort 
(N = 30,667).
Abbreviations: CCI, Charlson Comorbidity Index; ICU, intensive care unit; MBP, mean blood pressure; RRT, renal replacement therapy; SDU, step-down unit; SMD, 
standardised mean difference; SOFA-1, Sequential Organ Failure Assessment (original); SOFA-2, Sequential Organ Failure Assessment 2.0.
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Fig. 2. Comparison of SOFA-1 and SOFA-2 scoring systems. (A) Distribution of sepsis classification by SOFA-1 and SOFA-2 criteria in the full ICU cohort 
(N = 65,366). (B–F) Analyses restricted to the sepsis cohort (N = 30,667): (B) Box plots comparing total scores between SOFA-1 and SOFA-2. (C) Density distribution 
of total scores, demonstrating a rightward shift in SOFA-2 values. (D) Bland–Altman plot showing agreement between scoring systems; blue line indicates mean 
difference, red dashed lines indicate 95% limits of agreement. (E) Correlation between SOFA-1 and SOFA-2 total scores; red dashed line represents identity (y = x). 
(F) Organ-specific subscore comparisons for all six components.
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[0.729–0.748] vs. 0.723 [0.714–0.732]) (Fig. 4E). The kidney, brain 
and cardiovascular components of SOFA-2 were independently asso
ciated with 28-day mortality, with the brain component exhibiting the 
largest effect size (Fig. 4F). SOFA-2 achieved greater mortality se
paration between high-risk and low-risk groups at all time horizons 
(7‐day: 14.5% vs. 12.9%; 28-day: 26.6% vs. 25.0%; 90-day: 31.6% vs. 
29.2%) (Fig. 4G). Kaplan–Meier analysis using optimal cutoffs (score 
≥10) showed that SOFA-2 identified a larger high-risk cohort than 
SOFA-1 (n = 5,922 vs. n = 4,351), with both scoring systems 

significantly separating risk groups (log-rank P  <  0.0001) 
(Supplementary Fig. S10A–B). Time-dependent AUC curves confirmed 
that SOFA-2 maintained higher discrimination than SOFA-1 throughout 
the observation period (Supplementary Fig. S10C–D). The prognostic 
advantage remained robust across all prespecified subgroups, including 
stratification by age, sex and comorbidity burden (Supplementary Fig. 
S10E). Both scoring systems achieved clear risk stratification across 
low-, intermediate- and high-risk groups, with SOFA-2 showing wider 
separation of survival trajectories (Supplementary Fig. S10F).

Table 2 
Clinical outcomes by SOFA-1/SOFA-2 concordance group (sepsis cohort, N = 30,667). 

Variables Overall (n = 30,667) SOFA-1-only (n = 306) SOFA-2-only (n = 3,677) Both-positive (n = 26,684) P-value

Primary outcomes
ICU mortality, n (%) 3,403 (11.1) 14 (4.6) 123 (3.3) 3,266 (12.2) < 0.001
Hospital mortality, n (%) 4,843 (15.8) 23 (7.5) 232 (6.3) 4,588 (17.2) < 0.001
28-day ICU mortality, n (%) 5,795 (18.9) 32 (10.5) 356 (9.7) 5,407 (20.3) < 0.001
Resource utilisation
RRT required, n (%) 2,429 (7.9) 16 (5.2) 54 (1.5) 2,359 (8.8) < 0.001
RRT duration, hoursa 57.9 (5.0, 167.2) 35.3 (0.8, 97.2) 24.0 (1.6, 53.9) 59.6 (5.1, 169.3) < 0.001
ICU LOS, days 2.8 (1.4, 5.9) 2.2 (1.2, 4.0) 1.9 (1.1, 3.5) 3.0 (1.5, 6.4) < 0.001
Hospital LOS, days 8.4 (5.0, 15.1) 6.5 (4.6, 11.8) 6.8 (4.0, 11.1) 8.7 (5.2, 15.9) < 0.001
Advanced life support
Advanced respiratory support, n (%) 17,997 (58.7) 152 (49.7) 1,205 (32.8) 16,640 (62.4) < 0.001
Advanced respiratory support, hoursa 56.0 (20.0, 186.0) 21.8 (12.1, 63.5) 34.0 (14.2, 76.0) 59.9 (21.3, 198.6) < 0.001
Vasopressor use, n (%) 13,592 (44.3) 60 (19.6) 492 (13.4) 13,040 (48.9) < 0.001
Vasopressor duration, hoursa 21.1 (6.3, 57.4) 7.9 (2.2, 35.0) 12.0 (3.6, 29.0) 21.7 (6.5, 58.7) < 0.001

Note: Continuous variables are presented as median (interquartile range). Categorical variables are presented as n (%). P-values were calculated using Kruskal–Wallis 
test for continuous variables and chi-square test for categorical variables.
Abbreviations: ICU, intensive care unit; LOS, length of stay; RRT, renal replacement therapy; SOFA-1, Sequential Organ Failure Assessment (original); SOFA-2, 
Sequential Organ Failure Assessment 2.0.

a Reported among patients who received the corresponding treatment. Analysis population: sepsis cohort (N = 30,667).

Fig. 3. Prognostic performance of SOFA-1 and SOFA-2 scores for mortality prediction in the sepsis cohort (N = 30,667). (A–C) ICU mortality prediction: receiver 
operating characteristic (ROC) curves with area under the curve (AUC) and 95% confidence intervals (A), calibration curves comparing predicted probabilities versus 
observed frequencies (B), and decision curve analysis showing net benefit across threshold probabilities (C). (D–F) Hospital mortality prediction: ROC curves (D), 
calibration curves (E), and decision curve analysis (F).
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Discussion

Our analysis of 30,667 ICU patients with sepsis demonstrates that 
SOFA-2 provides consistently, though modestly, better prognostic 

discrimination, calibration and risk stratification compared with SOFA- 
1, with these advantages persisting across time horizons and pre
specified subgroups. Three lines of evidence support this conclusion: 
higher AUC values and C-indices across all mortality endpoints; 

Fig. 4. Time-dependent prognostic performance of SOFA-1 and SOFA-2 scores for mortality prediction in the sepsis cohort (N = 29,246 for modelling). (A–C) ROC 
curves for 7‐day (A), 28-day (B) and 90-day (C) mortality prediction with corresponding AUC values. (D) Bar chart comparing AUC values across time horizons. (E) 
Forest plot displaying concordance index (C-index) with 95% confidence intervals for survival models at each time point. (F) Hazard ratios with 95% confidence 
intervals for individual SOFA-2 components and adjustment covariates in the 28-day Cox regression model. (G) Risk stratification performance showing mortality 
difference between high-risk and low-risk groups. ***P  <  0.001.
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significant reclassification improvement (NRI 0.143 for ICU mortality); 
and greater separation between high-risk and low-risk groups at 7, 28 
and 90 days.

These findings align with the rationale for SOFA-2. SOFA-1 cannot 
distinguish organ dysfunction from the effects of therapeutic interven
tions.18 Ranzani et al12 recalibrated the score using over 3 million en
counters,19 adding RRT, mechanical circulatory support, expanded 
vasoactive definitions and a MAP-based fallback. Our organ-level 
findings map onto these features: the renal divergence reflects RRT 
scoring, the brain divergence the delirium-treatment criterion, and the 
cardiovascular divergence a composite of recalibrated vasopressor cut- 
offs, the score-2 ʻany other vasopressor or inotrope’ pathway, me
chanical-support scoring, and the MAP-based pathway. Restricting to 
documented vasopressor exposure attenuates the cardiovascular di
vergence while preserving the overall discrimination advantage.

Our finding that mean SOFA-2 exceeds mean SOFA-1 in MIMIC-IV 
differs in direction from the pooled estimate of Ranzani et al.12 This 
reflects the substantial inter-cohort heterogeneity documented in the 
derivation paper – across its 10 contributing cohorts, elective admission 
proportions ranged from 3% to 56.3% and ICU mortality from 4.0% to 
20.5%. MIMIC-IV sits at the low-elective end (3.7%) and its high- 
granularity EHR fully captures the SOFA-2-specific upgrades (delirium 
treatment, mechanical support beyond ECMO, advanced ventilatory 
modes, SpO₂/FiO₂ fallback, RRT), producing a positive ΔSOFA. This is 
the expected behaviour of a single cohort whose case-mix and data 
granularity differ from the source distribution and does not contradict 
the pooled multi-cohort mean.

The SOFA-2 ≥ 2 cutoff for Sepsis-3 merits discussion. As SOFA-2 
was developed as a direct iterative replacement for SOFA-1 within the 
same 0–24 scoring framework, applying the established Sepsis-3 ≥ 2- 
point threshold represents the most conservative approach pending 
formal recalibration. The SOFA-2-only group (12.0%), despite having 
lower mortality than the Both-positive group, had hospital mortality of 
6.3% and 28-day mortality of 9.7% – clinically meaningful risk that 
supports their inclusion.

Notably, the discriminative improvement (ΔAUC 0.024 for ICU 
mortality) is modest in absolute terms, but clinically relevant given the 
large cohort and the inherent difficulty of outperforming established 
scores. Conventional AUC may underestimate clinical value, as it does 
not capture whether individual patients are appropriately reclassified 
into higher or lower risk categories.20 We therefore employed the NRI 
and IDI, which directly quantify the proportion of patients correctly 
reclassified.21 The NRI of 0.143 indicates a net 14.3% improvement in 
reclassification across event and non-event groups, with a net im
provement in discrimination slope. Both scores showed adequate cali
bration, a prerequisite for clinical utility.22 Decision curve analysis 
further revealed a higher net benefit for SOFA-2 across clinically re
levant threshold probabilities, supporting its incremental value for risk- 
based decision-making. This modest improvement must, however, be 
weighed against the substantially greater scoring complexity of SOFA-2, 
which requires additional organ support documentation and treatment- 
related data elements that may not be routinely captured in all clinical 
settings. In institutions with mature electronic health record systems, 
automated calculation can mitigate this burden; in resource-limited 
environments, the added data requirements may offset the prognostic 
gain.

The discordant groups provide additional insights. Patients identi
fied only by SOFA-2 had the lowest mortality and shortest organ sup
port durations, suggesting that SOFA-2 expands sepsis identification at 
the lower-risk end of the spectrum without diluting prognostic dis
crimination. Rather than simply inflating severity scores, SOFA-2 ap
pears to reshape the distribution of mortality risk by more accurately 
capturing the gradient of organ dysfunction. This interpretation accords 
with evidence that associations between SOFA components and mor
tality are not uniform, implying that identical total scores may re
present different underlying risk profiles.23

Analysis of individual score components provided further biological 
insights. In multivariable Cox models, the renal, brain and cardiovas
cular components of SOFA-2 exhibited the strongest prognostic asso
ciations, with the brain component showing the largest effect size. This 
aligns with growing evidence establishing sepsis-associated en
cephalopathy as a major determinant of adverse outcomes.24 However, 
the contribution of GCS within composite organ dysfunction scores may 
vary across settings because of sedation and intubation practices.25 Of 
note, we operationalised the SOFA-2 delirium treatment criterion using 
prescription records; indication-level data are unavailable in MIMIC-IV. 
However, the SOFA-2 definition explicitly assigns one point for patients 
receiving ʻshort- or long-term’ drug treatment for delirium, indicating 
that ongoing antipsychotic use – even without acute delirium – reflects 
an altered neurological state. In contrast, the coagulation component 
showed a relatively weaker association with mortality. Prior MIMIC-IV 
analyses of SOFA component contributions found that early risk models 
preferentially retained renal, neurological and cardiovascular compo
nents, whereas coagulation contributed less26 – in line with our find
ings. The persistence of SOFA-2’s modest prognostic advantage across 
7‐day, 28-day and 90-day horizons suggests a stable alignment between 
updated organ dysfunction criteria and subsequent mortality, rather 
than a time-point-specific improvement.27,28 Whether SOFA-2 also 
provides superior dynamic prognostication through longitudinal tra
jectory monitoring warrants further investigation.

Our findings are broadly consistent with two concurrent studies. Pei 
et al29 reported comparable discrimination between SOFA-2 and SOFA- 
1 (AUC 0.646 vs. 0.641) in 1,089 sepsis patients from the TESTS trial, 
with only 2.2% meeting SOFA-1 but not SOFA-2 criteria – consistent 
with our SOFA-1-only group of 1.0%. Our study extends their work with 
a 28-fold larger cohort and comprehensive modelling. The TURK- 
SOFA2 study (NCT07300306), a prospective multicentre validation 
planned in Turkey, underscores the recognised need for external vali
dation across diverse populations.

Several limitations warrant consideration. As a retrospective single- 
centre study, our findings are subject to information bias inherent to 
secondary data analysis. MIMIC-IV reflects a single US academic centre 
with a predominantly White population, limiting generalisability. 
Scoring missing organ components as zero per SOFA-2 convention may 
underestimate organ dysfunction but biases conservatively towards 
under-identification. Prospective multicentre validation is needed to 
determine whether the modest prognostic improvement justifies the 
added scoring complexity.

In conclusion, SOFA-2 provided consistently, though modestly, 
better prognostic discrimination and risk stratification than SOFA-1 in 
septic ICU patients in this single-centre cohort, reflecting its better 
alignment with contemporary organ-support practice. Whether this 
incremental benefit justifies the added scoring complexity in routine 
clinical use warrants evaluation through prospective multicentre stu
dies.
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