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OBSERVATIONAL STUDY

Evaluating Prognostic Bias of Critical Illness 
Severity Scores Based on Age, Sex, and 
Primary Language in the United States:  
A Retrospective Multicenter Study
OBJECTIVES: Although illness severity scoring systems are widely used to sup-
port clinical decision-making and assess ICU performance, their potential bias 
across different age, sex, and primary language groups has not been well-studied.

DESIGN, SETTING, AND PATIENTS: We aimed to identify potential bias of 
Sequential Organ Failure Assessment (SOFA) and Acute Physiology and Chronic 
Health Evaluation (APACHE) IVa scores via large ICU databases.

SETTING/PATIENTS: This multicenter, retrospective study was conducted 
using data from the Medical Information Mart for Intensive Care (MIMIC) and eICU 
Collaborative Research Database. SOFA and APACHE IVa scores were obtained 
from ICU admission. Hospital mortality was the primary outcome. Discrimination 
(area under receiver operating characteristic [AUROC] curve) and calibration 
(standardized mortality ratio [SMR]) were assessed for all subgroups.

INTERVENTIONS:  Not applicable.

MEASUREMENTS AND MAIN RESULTS: A total of 196,310 patient encoun-
ters were studied. Discrimination for both scores was worse in older patients 
compared with younger patients and female patients rather than male patients. 
In MIMIC, discrimination of SOFA in non-English primary language speakers 
patients was worse than that of English speakers (AUROC 0.726 vs. 0.783, p < 
0.0001). Evaluating calibration via SMR showed statistically significant underes-
timations of mortality when compared with overall cohort in the oldest patients for 
both SOFA and APACHE IVa, female patients (1.09) for SOFA, and non-English 
primary language patients (1.38) for SOFA in MIMIC.

CONCLUSIONS: Differences in discrimination and calibration of two scores 
across varying age, sex, and primary language groups suggest illness severity 
scores are prone to bias in mortality predictions. Caution must be taken when 
using them for quality benchmarking and decision-making among diverse real-
world populations.

KEYWORDS: bias evaluation; calibration; discrimination; hospital mortality; 
illness severity scores

Illness severity scoring systems (ISSSs) such as Sequential Organ Failure 
Assessment (SOFA) and Acute Physiology and Chronic Health Evaluation 
(APACHE) IVa are commonly used in critical care (CC) settings (1–3). 

These scores provide benchmarks to predict patient outcomes, triage patients, 
support clinical decision-making, assess ICU performance, and allocate scarce 
resources (4–7). Despite the need for fair, unbiased systems, these illness se-
verity scores (ISSs) are limited by population-level prognostic estimation, 
leading to variable performance across subgroups such as ethnicity (6–11). 
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Additional sources of bias could be found in sub-
groups categorized by age, sex, and English language 
proficiency, but bias in these subgroups has not been 
fully explored (12–15).

Age plays a significant role in ICU care, and patients 
over 80 years old demonstrate the fastest population 
growth rate in the CC setting (12, 16). According to 
Daniele et al (17), Simplified Acute Physiology Score 
(SAPS) III was prone to underestimate the risk of 
death for patients older than 80 years old when com-
pared with patients younger than 40 years old. A 
study conducted by Fernando et al (18) indicated that 
the accuracy of SAPS III score could be improved by 
accounting for performance status and comorbidities 
of older patients. Separately, female patients are often 
subject to inequalities such as delays in treatment 
(13). Recently, Todorov et al (13) showed that female 
patients have significantly higher observed mor-
tality compared with male patients for every increase 
in SAPS II score. Additionally, a growing portion of 
today’s patient population has limited English profi-
ciency (LEP) in the United States (14, 19). Although 
some studies have evaluated the impact of LEP on the 
quality of healthcare delivery, there is limited literature 

in the CC setting (20–22). One recent study analyzed 
the effect of LEP on mortality in patients with sepsis 
and found an association with increased mortality 
after adjusting for illness severity (23).

We are only at the beginning stages of under-
standing the potential disparities that various social 
groups are currently facing while battling their crit-
ical illness. Current literature is mostly limited to 
small sample sizes from a few centers. Additionally, 
most studies did not focus on the evaluation of bias in 
ISSSs commonly used in CC settings. Therefore, in this 
large, multicenter retrospective study of ICU patients, 
we seek to evaluate the discrimination and calibration 
of two widely used ISSSs, SOFA, and APACHE IVa, 
in predicting in-hospital mortality in multiple patient 
subgroups divided by age (16–44, 45–64, 65–79, and 
over 80-yr-old), sex (female and male), and primary 
language (English and non-English) to assess for any 
potential bias.

MATERIALS AND METHODS

Data Sources

Two high-quality clinical databases were used. Medical 
Information Mart for Intensive Care (MIMIC) is 
an open, shared clinical database containing ICU 
admission data at Beth Israel Deaconess Medical 
Center (BIDMC) (24–26). Our analysis included both 
MIMIC-IV data (2008–2019) and MIMIC-III data 
(2001–2008). Altogether, MIMIC contains 83,478 
patients with 113,873 ICU admissions across 19 years. 
In contrast, eICU Collaborative Research Database 
(eICU-CRD) is generated from the Philips telehealth 
system which covers 208 hospitals across the United 
States (10, 27). eICU-CRD contains 139,367 patients 
with 200,859 ICU admissions from 2014 to 2015 in the 
latest release of V.2. This study was exempt from insti-
tutional review board approval due to eICU-CRD’s ret-
rospective design, lack of direct patient intervention, 
and the security schema that certified reidentification 
risk to meet safe harbor standards by an independent 
privacy expert (Privacert, Cambridge, MA) based on 
the Health Insurance Portability and Accountability 
Act Certification 1031219-2. MIMIC has also been 
previously deidentified and deemed to be approved for 
the use of research by both institutional review boards 
of the Massachusetts Institute of Technology (number 
04030000206) and BIDMC (2001-P-001699/14).

 
KEY POINTS

Question: Is there potential bias of illness severity 
scores (ISSs) in patients divided by age, sex, and 
primary language?

Findings: Discrimination performance of 
Sequential Organ Failure Assessment (SOFA) and 
Acute Physiology and Chronic Health Evaluation 
(APACHE) IVa scores decreased significantly with 
increasing age. Mortality was underestimated 
for older patients and overestimated for younger 
patients. Both scores demonstrated slightly better 
discrimination for male patients. For non-English 
primary speakers, discrimination was decreased 
and mortality was significantly underestimated by 
SOFA score when compared with English primary 
speakers.

Meaning: Our study sheds light on significant dis-
parities in ISSs and points out a serious need for a 
new generation of scoring systems that can pro-
vide accurate prognostication for our most vulner-
able patients.
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From the two databases, we excluded patients 
younger than 16 years old, ICU admission durations 
less than 4 hours, and patients without age, sex, or out-
come information. Records of repeat ICU admissions 
during the same hospitalization were not included. We 
also excluded patient encounters without documented 
APACHE IVa scores in eICU-CRD and encounters 
where SOFA scores could not be calculated in both 
databases. Remaining data were then pooled in aggre-
gate for analysis within each database. Age, sex, race, 
admission type, and discharge status were extracted 
from the data. English proficiency was determined 
by patient-reported preferred language found in the 
MIMIC database; eICU-CRD data does not contain 
information on language preference. To facilitate sub-
group analysis, patient age was divided into four cat-
egories: 16–44, 45–64, 65–79, and over 80 years old. 
Patient’s primary language spoken was divided into 
English and non-English proficiency in MIMIC.

Statistical Analysis

Descriptive statistics of patient characteristics were re-
ported using median (25th, 75th) percentiles (interquar-
tile range [IQR]) or proportions. Groups were compared 
using the Student t test or χ2 test for categorical variables 
and the Wilcoxon rank-sum test or the Kruskal-Wallis 
test for continuous variables, as appropriate.

In-hospital mortality was selected as our outcome 
of interest. For SOFA score, we used logistic regression 
(LR) to characterize its relationship with mortality. LRs 

were fitted using the score’s original continuous form 
from 0 to 24 points based on 20% of randomly selected 
patients in MIMIC and eICU-CRD, respectively (7–
9). For APACHE IVa score, the mortality prediction 
of each eICU encounter had already been calculated 
in the database based on a published algorithm and 
therefore was directly imported (27).

We assessed discrimination of SOFA and APACHE 
IVa in mortality prediction for each subgroup of age, 
sex, and primary language via area under receiver op-
erating characteristic (AUROC); associated 95% CIs 
were calculated. We measured calibration using stan-
dardized mortality ratio (SMR) and calibration belt 
plot for both scores (28). For SOFA, calibration was 
additionally assessed in two ways: 1) three increasing 
severity levels with score categories (≤ 7, 8–11, and > 
11) and 2) four separate groups of increasing predicted 
mortality categories (0–5%, 5–10%, 10–20%, 20–50%, 
> 50%) within each subgroup (10).

To assess and quantify the impact of age, sex, and 
primary language on the ability of both SOFA and 
APACHE IVa to predict mortality, we fit LR models 
of both scores against observed mortality of data-
bases. One thousand-fold Bootstrap resampling it-
eration was used to calculate 95% CI, and two-tailed 
p value of less than 0.05 was used as a threshold 
for statistical significance. Additional methodo-
logical details on statistical analysis are provided 
in the online data supplement, including an overall  
study flowchart (eFig. 1, http://links.lww.com/CCX/ 
B292).

RESULTS

Figure 1 describes the se-
lection process used to 
arrive at our dataset. A 
total of 96,029 MIMIC 
ICU encounters were in-
cluded with a 10.4% in-
hospital mortality, and 
100,281 eICU-CRD cases 
were included with an 
8.8% in-hospital mortality. 
Baseline characteristics of 
the two study cohorts are 
shown in eTable 1 (http://
links.lww.com/CCX/
B292). Nonsurvivors were 

Figure 1. Data selection flowchart. A, Medical information mart for intensive care (MIMIC) data 
selection. B, eICU Collaborative Research Database (eICU-CRD) data selection. APACHE IV = 
Acute Physiology and Chronic Health Evaluation IV, BIDMS = Beth Israel Deaconess Medical 
Center, SOFA = Sequential Organ Failure Assessment.

http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
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significantly older than survivors (73 yr vs. 65 yr, p < 
0.001 [MIMIC]; 71 yr vs. 65 yr, p < 0.001 [eICU-CRD]). 
Female patients represented 44.1% of the MIMIC co-
hort and 45.4% of the eICU-CRD cohort. In MIMIC, 
there was a higher percentage of non-English primary 
language speakers among nonsurvivors when com-
pared with survivors (36.1% vs. 25.8%, p < 0.001), and 
non-English primary language speakers had a higher 
in-hospital mortality compared with English speakers 
(13.9% vs. 9.1%, p < 0.001). Nonsurvivors had higher 
SOFA scores during the first day of ICU admission 
(7 points vs. 4 points, p < 0.001 [MIMIC], 8 points 
vs. 5 points, p < 0.001 [eICU-CRD]) compared with 

survivors. In the eICU-CRD cohort, nonsurvivors had 
a higher APACHE IVa score on the first day of ICU 
admission compared with survivors (83 points vs. 51 
points, p < 0.001).

In Figure 2, discrimination performance (i.e., 
AUROC) of both SOFA and APACHE IVa scores was 
presented for the two databases as well as different 
subgroups based on age, sex, and primary language. A 
higher AUROC indicates that SOFA or APACHE IVa 
score is better at discriminating between the two pos-
sible patient outcomes within the cohort studied. The 
overall performance was 0.761 (0.755–0.766) for SOFA 
in MIMIC, 0.73 (0.724–0.736) for SOFA in eICU-

CRD, and 0.828 (0.823–
0.833) for APACHE 
IVa in eICU-CRD. For 
different age categories, 
AUROC was noted to 
decrease with increas-
ing age (p < 0.0001) as 
shown in Figure 2 and 
eTable 2 (http://links.
lww.com/CCX/B292) 
(16–44, 45–64, 65–79, 
and 80 and older: 
0.827, 0.792, 0.740, 
and 0.721 in MIMIC 
for SOFA; 0.812, 0.768, 
0.712, and 0.678 in 
eICU-CRD for SOFA; 
0.886, 0.844, 0.810, and 
0.761 in eICU-CRD 
for APACHE IVa). The 
discrimination perfor-
mance of male patients 
was better than that of 
female patients (0.764 
vs. 0.759; 0.733 vs. 
0.727; 0.832 vs. 0.823, p 
< 0.0001). For primary 
language, AUROC 
was higher for English 
speakers than for non-
English speakers in the 
MIMIC cohort (0.783 
vs. 0.726, p < 0.0001). 
Primary language sub-
groups were further 

Figure 2. Discrimination performance of Sequential Organ Failure Assessment (SOFA) and Acute 
Physiology and Chronic Health Evaluation (APACHE) IVa on prediction of in-hospital mortality grouped 
by age, sex, and primary language spoken. A, SOFA score in medical information mart for intensive care 
(MIMIC) cohort. B, SOFA score in eICU Collaborative Research Database (eICU-CRD) cohort. C, Acute 
Physiology and Chronic Health Evaluation IVa (APACHE IVa) score in eICU-CRD cohort. AUROC = 
Area Under Receiver Operating Characteristic.

http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
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subdivided by age and sex, as shown in eFigure 2 and 
eTable 3 (http://links.lww.com/CCX/B292). In both 
language subgroups, increasing age was associated 
with decreased discrimination performance. AUROCs 
were not significantly different between female and 
male English speakers (p = 0.12) whereas female non-
English speakers had lower AUROC than male non-
English speakers (0.715 vs. 0.735, p < 0.001).

Figure 3 and eTable 4 (http://links.lww.com/CCX/
B292) detail the calibration of SOFA and APACHE 
IVa scores in mortality prediction across different sub-
groups as assessed by SMR. The fitted SOFA LR mor-
tality function provided a good estimation of the entire 
MIMIC cohort’s mortality risk, evidenced by an SMR 
of 0.98 (0.96–1.00). However, significant differences 
existed across different subgroups. In terms of age 
groups, SMR increased with age from 0.56 for 16–44 
to 1.55 for 80 years and older, indicating overpredic-
tion of in-hospital mortality for younger patients and 
underprediction for older patients. Mortality was 
overestimated for male patients while underestimated 
for female patients (SMR: 0.90 vs. 1.09, p < 0.001). 
SMR for English speakers was 0.84, suggesting over-
prediction of mortality as compared with 1.38 for non- 
English speakers, suggesting underprediction (p < 
0.001). SOFA score also demonstrated good calibra-
tion in the eICU-CRD cohort with an SMR of 1.02 
(1.00–1.04). The SMR trend across various subgroups 
was similar to the MIMIC cohort. Mortality was over-
estimated in younger patients (SMR 0.56 in 16–44) but 
underestimated in older (1.57 in 80 yr and older) and 
female patients (1.07). In eICU-CRD, APACHE IVa 
overestimated the entire cohort’s mortality with an 
SMR of 0.71. Within subgroups, mortality of younger 
patients continued to be overestimated (SMR 0.62 for 
16–44) and older patients underestimated (0.74 for 
65–79) using overall SMR as baseline. Mortality of fe-
male patients was overestimated whereas mortality of 
male patients was underestimated (SMR: 0.69 vs. 0.72, 
p < 0.001). Calibration was also assessed using calibra-
tion plots, which revealed similar findings as the SMR 
analysis described above (eFigs. 3–5, http://links.lww.
com/CCX/B292).

Additionally, we evaluated calibration performance 
of SOFA score for each subgroup, further divided 
by predicted mortality categories of 0–5%, 5–10%, 
10–20%, 20–50%, and 50–100%, as presented in eFig-
ures 6 and 7, and eTable 5 (http://links.lww.com/

CCX/B292). A similar analysis was performed using 
three SOFA score categories (0–7, 8-11, over 11) of 
increasing disease severity, shown in eTable 6 (http://
links.lww.com/CCX/B292). Detailed results were pre-
sented in Supplemental Results (http://links.lww.com/
CCX/B292).

Lastly, we assessed the significance and impact of 
age, sex, and primary language on mortality predic-
tion by SOFA and APACHE IVa via LR models in both 
MIMIC and eICU-CRD. As presented in Figure 4A, 
eFigure 8A and C (http://links.lww.com/CCX/B292), 
mortality increased with increasing age for the same 
SOFA score (p < 0.0001). In Figure 4B, eFigure 8B 
and D (http://links.lww.com/CCX/B292), increased 
mortality was noted in female patients when compared 
with male patients with the same SOFA score in both 
databases (p < 0.0001), but no relationship was found 
when APACHE IVa score was substituted for SOFA  
(p = 0.79). Non-English primary speakers demon-
strated higher mortality compared with English pri-
mary speakers for the same SOFA score (p < 0.0001), 
shown in Figure 4C. Further details regarding each LR 
model were presented in eTables 7–11 (http://links.
lww.com/CCX/B292).

DISCUSSION

We conducted a retrospective study using two large 
ICU databases (MIMIC and eICU-CRD) to evaluate 
mortality prediction performance by two ISSSs (SOFA 
and APACHE IVa) stratified by age, sex, and primary 
language. To date, this is the first large multicenter co-
hort study that evaluated the disparity of ISSSs in these 
groups. AUROC was used to determine a score’s ability 
to distinguish between two possible outcomes. The rel-
ative performance of these scores in distinguishing be-
tween alive or dead in each subgroup of age, sex, and 
primary language was assessed by comparing AUROCs. 
We found a consistent pattern in which both scores 
demonstrated superior discrimination performance 
in subcohort of younger patients when compared with 
older patients. Discrimination in subcohort of male 
patients was superior to female patients. Additionally, 
AUROC for subcohort of non-English primary speak-
ers was decreased when compared with English speak-
ers although analysis was limited to SOFA score with 
MIMIC data. We also found that the calibration of 
both scores was likely inadequate for most subgroups, 

http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
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or the quality of care delivered to various subgroups 
may be different. For example, overall mortality was 
overpredicted in younger patients and underpredicted 
in older patients. A higher than expected mortality was 
also found in non-English primary speakers compared 
with English speakers when evaluated by SOFA score.

With an increasingly aging society, ICUs are admit-
ting more elderly patients, a population that brings a 
unique set of management challenges (12, 16). Popular 
ISSSs currently used in clinical practice may be less ap-
plicable to the elderly. SOFA score is based on expert 
consensus whereas APACHE IVa score was generated 

Figure 3. Calibration performance of Sequential Organ Failure Assessment (SOFA) and Acute Physiology and Chronic Health 
Evaluation (APACHE) IVa assessed via standardized mortality ratio (SMR). A, SOFA in medical information mart for intensive care 
(MIMIC)  cohort. B, SOFA in eICU Collaborative Research Database (eICU-CRD) cohort. C, APACHE IVa score in eICU-CRD cohort.  
E = expected mortality, N = total number of patients, O = observed mortality.
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based on a younger population with a median age of 
61.5 years (2). Our study revealed poor discrimination 
performance as well as significant calibration issues 
of ISSSs for elderly patients. This is especially true for 
SOFA, where SMR showed a significant underestima-
tion of mortality for the oldest patients. This finding 
may be due to difficulty in predicting outcomes in the 
elderly due to many factors unique to this popula-
tion, including differences in functional status, cogni-
tion, comorbidities, and frailty (12, 16, 29). Clinicians 
must be cautious when using ISSSs as sole basis for  
decision-making in elderly patients since they may in 
fact be sicker than their ISS represents, and consider 
incorporating additional factors mentioned above.

Disparities between sexes are receiving increasing 
attention. For example, a recent study showed female 
patients were overall less likely to receive ICU-level 
care (13). Our study showed that SOFA underesti-
mated predicted mortality for female patients. The 
opposite was true when looking at APACHE IVa, so 
no consistent trend was observed. However, we did 
observe slightly decreased discrimination for female 
patients in both ISSSs. Regardless, evidence relating to 
mortality bias based on sex in ISSSs appears to be con-
flicting and can possibly be explained by geographic 
differences in the underlying dataset and the specific 
ISSS characteristics. This finding demonstrates the 
need for additional research into disparities based on 
large, multicenter datasets.

As the U.S. population increases in diversity, hos-
pital systems will care for a larger proportion of 
patients with LEP. Studies have shown that language 
barriers adversely affect patient outcomes, leading to 
increased readmission rates (30). Our study in the 

MIMIC cohort also demonstrated worse outcomes 
for patients with non-English primary language; they 
have longer ICU and hospital lengths of stay as well 
as higher mortality (eTable 12, http://links.lww.com/
CCX/B292). Discrimination performance of SOFA is 
also worse for non-English speakers when compared 
with English speakers. Additionally, underestimation 
of mortality by SOFA in non-English speakers suggests 
many variables specific to this population are currently 
overlooked. Therefore, using SOFA to predict mor-
tality in LEP patients could further exacerbate dispari-
ties and cause harm to these minority groups.

ISSSs are standardized, validated, and user-friendly 
tools for assessment of disease severity and risk strat-
ification (31). However, recent studies have revealed 
potential biases in these scores when used in certain 
ethnicities (10). As detailed above, our study further 
extends prior findings and sheds light on potential dis-
parities of two scores when used across different age, 
sex, and primary language groups. Our findings have 
important clinical implications since these ISSSs are 
aimed to give clinicians a gestalt of how sick a patient 
is. Inaccuracies and biases exacerbated by these ISSSs 
for certain patient groups can lead to changes in clin-
ical management, therapies offered, and most impor-
tantly triage decisions (13). One can easily imagine an 
84-year-old Mandarin-speaking patient whose SOFA 
or APACHE IVa score may underestimate the severity 
of his or her mortality and illness severity, resulting 
in delays in care that may be associated with worse 
outcomes. Therefore, it is important for clinicians to 
be aware of these biases when using ISSSs for clinical  
decision-making. Overestimation of severity may lead 
to a disconnect between the patient’s true severity of 

Figure 4. Logistic regression (LR) models of observed mortality by Sequential Organ Failure Assessment (SOFA) score in medical 
information mart for intensive care. A, Stratified by age. B, Stratified by sex. C, Stratified by primary language.

http://links.lww.com/CCX/B292
http://links.lww.com/CCX/B292
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illness and physician recommendations to withdraw 
care, potentially interfering with a patient’s best op-
portunity for treatment (10, 32). Finally, ISSSs are also 
used as benchmarks of ICU quality, which in turn sup-
port the evaluation of organizational management and 
development of care quality improvement plans (17, 
33). However, given our finding of poor discrimina-
tion and calibration of these scores for many patient 
subgroups, caution must be exercised when they are 
used as a quality metric for specific populations. Our 
findings suggest these scores may need to be further re-
fined and should only be used in conjunction with ad-
ditional clinical data and quality metrics. Modification 
of these scores should be evaluated to see if applicable 
locally, and validation for different demographic sub-
groups would improve generalizability.

Our research has some limitations. First, we excluded 
patient records without either APACHE IVa (eICU-CRD 
only) or SOFA scores. The number of records with miss-
ing APACHE IVa scores was much higher than that of 
records without SOFA scores, indicating potential bias. 
However, MIMIC and eICU-CRD data have similar base-
line characteristics suggesting that such exclusion crite-
ria did not materially affect the composition of patient 
population and results. We also did not exclude patients 
with advance directives. These patients may not have re-
ceived full aggressive care per patient and/or family pref-
erence, creating bias and impacting results. However, the 
overall proportion of patients with advanced directives 
is relatively small and should not materially impact our 
analysis. SOFA score was initially designed to assess se-
verity of organ dysfunction not to predict mortality; 
therefore, our findings of biases are only applicable to the 
current use of SOFA in predicting mortality not its orig-
inal intention. Additionally, composition of the original 
database used to formulate the APACHE IVa score likely 
differs from that of eICU-CRD data since the mortality 
of APACHE IVa database was higher at 13.6% compared 
with 8.8% in eICU-CRD. Although this discrepancy 
impacts calibration assessment when using the overall 
population, differences when comparing subgroups are 
likely preserved. Our study focused on in-hospital mor-
tality and did not account for longer-term outcomes such 
as 30-day and 90-day mortality which are also important 
when evaluating ISSSs bias among various subgroups. 
Finally, the databases we used contained only U.S. hos-
pitals, and thus applicability in Europe or other countries 
may be more limited.

CONCLUSIONS

Our large retrospective, multicenter study found 
decreased discrimination performance of SOFA 
and APACHE IVa scores when predicting mortality 
in elderly and female patients. In addition, SOFA 
showed impaired discrimination for non-English 
primary speakers as well. Significant underesti-
mation of mortality risk in older and non-English 
primary speakers was found when calibration was 
analyzed. Our findings suggest that there are in-
herent inequities for various patient populations 
when using SOFA and APACHE IVa, two ISSSs 
commonly used for clinical management, patient 
triage, and ICU quality assessment. These scores can 
introduce biases that lead to inaccurate assessments 
and underestimation of illness severity in minority 
groups, which in turn can delay lifesaving interven-
tions and result in inappropriate treatment plans. 
Therefore, clinicians and administrators must be 
cautious when using these scores and thoughtfully 
address specific characteristics underlying certain 
patient populations. It is also imperative to develop 
more accurate predictive systems for all patient sub-
groups and situations to reduce harm and improve 
the quality of medical care.
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