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1. Detailed Methods
Study Design and Data Source
We conducted a retrospective cohort study using data from mechanically ventilated patients diagnosed with acute respiratory distress syndrome (ARDS) in the Medical Information Mart for Intensive Care (MIMIC)-IV database. Unlike Erlebach et al. [1], who analyzed multiple data points throughout patient hospitalizations, we focused on early ARDS assessment by selecting a single SpO2/FiO2 (SF) and PaO2/FiO2 (PF) pair within the first 48 hours of intensive care unit (ICU) admission for each patient.
Data Selection Strategies
We employed three distinct strategies for selecting paired SF-PF measurements to conduct sensitivity analyses:
1. Primary Strategy: The first SF-PF pair when SpO2<97% within 24 hours of ICU admission
2. Sensitivity Strategy I: The lowest SF value within 48 hours of ICU admission and its contemporaneous PF value
3. Sensitivity Strategy II: The lowest PF value within 48 hours of ICU admission and its contemporaneous SF value
Inclusion and exclusion criteria for data points followed those established by Erlebach et al.
ARDS Classification
We classified ARDS severity according to the most recent ARDS definition [2] using the following thresholds:
SF ratio thresholds:
· ≤315: Mild ARDS
· ≤235: Moderate ARDS
· ≤148: Severe ARDS
PF ratio thresholds:
· ≤300: Mild ARDS
· ≤200: Moderate ARDS
· ≤100: Severe ARDS
Values above these thresholds were classified as "No ARDS."
Assessment of Concordance
Concordance between SF- and PF-based classifications was evaluated using cross-tabulation to quantify frequency and percentage of concordant/discordant cases, including breakdowns by direction of discordance (SF > PF or SF < PF). Weighted kappa was calculated to measure agreement beyond chance, with 95% confidence intervals (CI) and expected agreement by chance. These analyses were performed for the primary strategy and replicated in sensitivity analyses.
Assessment of Performance of SF- and PF-based Category System
The association between SF- and PF-based severity categories and prognosis was evaluated by examining their alignment with 28-day all-cause mortality. This included:
Kaplan–Meier survival analysis, with global log-rank tests to assess differences among severity categories and Bonferroni-adjusted pairwise comparisons. Patients were censored at 28 days if alive.
Harrell’s C-index from single-variable Cox proportional hazards models, using the SF- or PF-based category as the sole predictor, to quantify the strength of association with outcomes.
These metrics were computed across all three data selection strategies to assess consistency.
Assessment of Alignment Between Classification and Observed Mortality in Discordant Cases
For patients with discordant SF and PF classifications, we examined the alignment between each classification system and observed 28-day mortality through a retrospective assessment of consistency:
a) Reference Mortality Establishment: Using concordant cases, we calculated reference 28-day mortality rates for each severity level (No ARDS, Mild, Moderate, Severe) as benchmarks.
b) Deviation Quantification: For each discordant patient, absolute differences were computed between their binary outcome (death = 1, survival = 0) and the reference mortality for their assigned severity:
SF deviation = |Actual outcome - Reference mortality for SF-assigned severity|
PF deviation = |Actual outcome - Reference mortality for PF-assigned severity|
c) Determination of Closer Alignment: The system with the smaller deviation showed stronger consistency with observed mortality; equal deviations indicated equivalent alignment.
Mortality rates were then stratified by which system showed closer alignment, and absolute differences calculated. This was extended to severe ARDS cases by examining mismatches in classification, quantifying frequency and alignment strength.
Subgroup and Secondary Analyses
a) Focused Evaluation of Reclassified Patients: Analysis of the subgroup reclassified from PF-moderate to SF-severe ARDS, comparing their 28-day mortality to reference PF-moderate and PF-severe groups using two-sample tests of proportions. This was repeated across strategies.
b) Classification Discordance Analysis: Breakdown of discordant cases by direction (SF > PF or SF < PF), with frequencies and percentages.
c) Severe ARDS Discrimination Analysis: Focused on mismatches in severe ARDS classification, with alignment counts and percentages.
d) Mortality Stratification Analysis: Comparison of mortality rates between subgroups where SF showed closer alignment vs. where PF did.
e) Racial Variability Analysis: Stratification by race (Black, White, Other) to compare SF and PF category distributions using Pearson's chi-squared tests on 3×4 contingency tables and Kruskal–Wallis tests for ordinal sensitivity, motivated by reports of SpO2 bias (3).
Statistical Analysis
Continuous variables were reported as median and interquartile range (IQR) and compared using the Mann-Whitney U test due to non-normal distributions. Categorical variables were presented as counts and percentages and compared using chi-squared tests or Fisher's exact test when appropriate. Percentages are reported with 95% confidence intervals. Wilson score intervals were used by default for the calculation; for small cell counts (n < 20) or extreme proportions, two-sided exact (Clopper–Pearson) intervals were used.
Survival analysis was conducted using the Kaplan-Meier method with patients censored at 28 days if they remained alive. The log-rank test was used to compare survival curves between groups. All statistical analyses were performed using STATA version 17.0 (StataCorp, TX, USA). Two-sided p-values <0.05 were considered statistically significant.

2. Primary Analysis: First SpO2<97% within 24 Hours of ICU Admission
Table S1: Baseline Characteristics of ARDS Patients (n=582)
	Demographic characteristics
	

	Age (years), median (IQR)
	60.6 (49.1-71.4)

	Male sex, n (%)
	339 (58.2)

	Disease severity
	

	SOFA score, median (IQR)
	9.0 (6.0-11.0)

	PaO₂/FiO₂ ratio, median (IQR)
	118.6 (83.0-176.0)

	SpO₂/FiO₂ ratio, median (IQR)
	118.8 (94.0-161.7)

	ARDS classification
	

	SF-based classification, n (%)
	

	- No ARDS
	9 (1.5)

	- Mild ARDS
	42 (7.2)

	- Moderate ARDS
	159 (27.3)

	- Severe ARDS
	372 (63.9)

	PF-based classification, n (%)
	

	- No ARDS
	25 (4.3)

	- Mild ARDS
	77 (13.2)

	- Moderate ARDS
	261 (44.8)

	- Severe ARDS
	219 (37.6)

	Organ support therapy
	

	Duration of mechanical ventilation (days), median (IQR)
	6.5 (2.7, 12.0)

	Vasopressor use, n (%)
	315 (54.1)

	Renal replacement therapy, n (%)
	86 (14.8)

	Clinical outcomes
	

	ICU length of stay (days), median (IQR)
	11.1 (5.3-19.6)

	ICU mortality, n (%)
	236 (40.5)

	28-day mortality, n (%)
	243 (41.8)


IQR = interquartile range; SOFA = Sequential Organ Failure Assessment; PF = PaO₂/FiO₂; SF = SpO₂/FiO₂; ARDS = acute respiratory distress syndrome. 
*: Data were based on our primary selection strategy (first SF-PF pair).

Table S2: SF versus PF Classification Concordance Analysis
	Classification Concordance
	Frequency (n=582)
	Percentage (%)

	Concordant classifications
	357
	61.3 (95% CI 57.4–65.3)

	Discordant classifications
	225
	38.7 (95% CI 34.7–42.6)

	SF > PF *
	208
	92.4 (95% CI 88.9–95.9)

	SF < PF *
	17
	7.6 (95% CI 4.1–11.0)


*Percentages calculated based on total discordant cases (n=225)


Table S3: Cross-tabulation of SF and PF Classifications
	
	PF No ARDS
	PF Mild ARDS
	PF Moderate ARDS
	PF Severe ARDS
	Total

	SF No ARDS
	5
	4
	0
	0
	9

	SF Mild ARDS
	9
	24
	9
	0
	42

	SF Moderate ARDS
	9
	33
	113
	4
	159

	SF Severe ARDS
	2
	16
	139
	215
	372

	Total
	25
	77
	261
	219
	582


The observed agreement between SF-based and PF-based classifications was 61.34%. The weighted kappa coefficient was 0.3832 (95% CI: 0.328-0.438, P < 0.001). The expected agreement by chance was 37.32%.
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Table S4: 28-Day Mortality Rates by SF-based and PF-based ARDS Severity Classification
	
	PF Ratio
	SF Ratio

	Category
	n
	Deaths
	Mortality (%)
	95% CI
	n
	Deaths
	Mortality (%)
	95% CI

	No ARDS
	25
	9
	36.0%
	17.2–54.8
	9
	4
	44.4%
	12.1–76.7

	Mild ARDS
	77
	33
	42.9%
	31.9–53.9
	42
	20
	47.6%
	32.5–62.7

	Moderate ARDS
	261
	92
	35.3%
	29.5–41.1
	159
	54
	34.0%
	26.6–41.4

	Severe ARDS
	219
	109
	49.8%
	43.2–56.4
	372
	165
	44.4%
	39.3–49.5





Table S5: Prognostic Implication of Re-classification from PF-Moderate to SF-Severe ARDS
	Group Description
	n
	Deaths
	Mortality (%)
	95% CI
	Comparison Group
	p-value *

	SF-severe but PF-moderate ARDS (Discordant Group)
	139
	51
	36.7%
	28.7–44.7
	vs. All PF-moderate ARDS
	0.775

	
	
	
	
	
	vs. All PF-severe ARDS
	0.015

	Reference Groups:
	
	
	
	
	
	

	All PF-moderate ARDS
	261
	92
	35.3%
	29.5–41.1
	-
	-

	All PF-severe ARDS
	219
	109
	49.8%
	43.2–56.4
	-
	-


*: p-values calculated using a two-sample test of proportions.



3. Subgroup and Secondary Analysis Tables
Table S6: Retrospective Analysis of Classification Alignment with 28-Day Mortality in Patients with Discordant Classifications
	Predictive Accuracy
	Frequency (n=225)
	Percentage
(95% CI)
	28-day Mortality (%) (95% CI)

	PF more accurate
	125
	55.6 (49.1–62.1)
	18.4 (11.6–25.2)

	SF more accurate
	100
	44.4 (37.9–50.9)
	57.0 (47.3–66.7)

	Absolute mortality difference
	—
	—
	38.6




Table S7: Analysis of Classification Performance in Discriminating Severe ARDS
	Severe ARDS Discrimination
	Frequency
	PF More Accurate
	SF More Accurate

	SF severe, PF non-severe
	157
	95 (60.5%, 95% CI 53.2–67.8)
	62 (39.5%, 95% CI 32.2–46.8)

	PF severe, SF non-severe
	4
	2 (50.0%, 95% CI 9.4–90.6)
	2 (50.0%, 95% CI 9.4–90.6)



Table S8: Racial Variability in SF and PF Categories
	Race
	No ARDS
	Mild ARDS
	Moderate ARDS
	Severe ARDS
	Total

	PF Categories
	
	
	
	
	

	Black (n=74)
	3 (4.1%)
	6 (8.1%)
	33 (44.6%)
	32 (43.2%)
	74 (100%)

	White (n=251)
	13 (5.2%)
	32 (12.8%)
	117 (46.6%)
	89 (35.5%)
	251 (100%)

	Other (n=257)
	9 (3.5%)
	39 (15.2%)
	111 (43.2%)
	98 (38.1%)
	257 (100%)

	Total
	25 (4.3%)
	77 (13.2%)
	261 (44.8%)
	219 (37.6%)
	582 (100%)

	SF Categories
	
	
	
	
	

	Black (n=74)
	2 (2.7%)
	5 (6.8%)
	17 (23.0%)
	50 (67.6%)
	74 (100%)

	White (n=251)
	1 (0.4%)
	19 (7.6%)
	73 (29.1%)
	158 (62.9%)
	251 (100%)

	Other (n=257)
	6 (2.3%)
	18 (7.0%)
	69 (26.8%)
	164 (63.8%)
	257 (100%)

	Total
	9 (1.5%)
	42 (7.2%)
	159 (27.3%)
	372 (63.9%)
	582 (100%)


Category distributions across three racial groups. Primary test was Pearson's χ² test of independence on 3×4 contingency tables. Sensitivity tests (leveraging ordinality) included Kruskal–Wallis test for three groups. All analyses were unadjusted. 
No difference was observed in both PF category (Pearson's χ² p=0.626; Kruskal–Wallis p=0.369) and SF category (Pearson's χ² p=0.556; Kruskal–Wallis p=0.854).

4. Sensitivity Analysis Tables 
Table S9: Sensitivity Analyses Comparing Prognostic Performance Across Three SF-PF Pairing Strategies
	Prognostic Metric
	Primary Strategy
	Sensitivity I
(Lowest SF value)
	Sensitivity II
(Lowest PF value)

	PF Classification System
	
	
	

	Global Log-Rank P-value
	0.003
	0.033
	0.008 

	Harrell's C-index (95% CI)
	0.568 (0.538-0.604)
	0.556 (0.528-0.592)
	0.565 (0.536-0.597)

	SF Classification System
	
	
	

	Global Log-Rank P-value
	0.131
	0.146
	0.162

	Harrell's C-index (95% CI)
	0.535 (0.516-0.571)
	0.533 (0.515-0.564)
	0.536 (0.515-0.568)

	Discordant Subgroup
(PF-moderate but SF-severe)
	51/139 (36.7%)
	54/142 (38.0%)
	31/95 (32.6%)

	Vs. PF-moderate mortality
	Vs. 35.3% (p=0.775)
	Vs. 37.0% (p=0.846)
	Vs. 34.4% (p=0.765)

	Vs. PF-severe mortality
	Vs. 49.8% (p=0.015*)
	Vs. 47.1% (p=0.078)
	Vs. 47.2% (p=0.012*)


This table summarizes the prognostic performance of PF and SF classification systems across three SF-PF pairing strategies. Overall, the PF system consistently shows stronger risk stratification for 28-day mortality compared to SF, with statistical significance for PF (global log-rank p-values: 0.003–0.033) but not for SF (p-values: 0.131–0.162).
In the discordant subgroup analysis (patients classified as PF-moderate but SF-severe), mortality rates range from 32.6% to 38.0%. These rates are similar to PF-moderate reference mortality (34.4%–37.0%; all p>0.05) but lower than PF-severe reference mortality (47.1%–49.8%; p=0.012–0.015), although in Sensitivity Analysis I there is only a marginal trend toward significance (p=0.078).


5. Interpretation
Our concordance analysis revealed moderate agreement between SF- and PF-based classifications, with an observed agreement of 61.3% and a weighted kappa of 0.383 (95% CI 0.328-0.438), indicating fair-to-moderate reliability beyond chance (expected agreement 37.3%). Discordance was common (38.7%), predominantly in the direction of SF overestimating severity relative to PF (92.4% of discordant cases). This pattern, evident in the cross-tabulation (Table S3), suggests that SF thresholds may systematically shift patients toward higher severity categories, potentially introducing noise into risk assessment without enhancing prognostic clarity.
To specifically investigate the prognostic value of reclassification by the SF ratio, we analyzed the subgroup of patients classified as moderate ARDS by the PF ratio but as severe ARDS by the SF ratio. In our cohort, 139 patients met these criteria. The 28‑day mortality for this discordant group was 36.7% (51/139). We compared this mortality rate with that of the PF‑defined groups (Table S5). The mortality of the discordant group was not significantly different from patients with PF‑moderate ARDS (35.3%; p = 0.775) but was significantly lower than patients with PF‑severe ARDS (49.8%; p = 0.015).
Direct comparison of 28-day mortality rates across severity categories highlighted PF's stronger prognostic gradient (Table S4). For PF, mortality increased from 36.0% (No ARDS) to 49.8% (Severe ARDS), reflecting coherent risk stratification. In contrast, SF showed a flatter profile, with severe ARDS mortality (44.4%) lower than PF's equivalent and closer to moderate categories, indicating diluted discriminatory power.
Our primary prognostic analysis directly compared the ability of PF‑ and SF‑based classifications to stratify patients according to 28‑day mortality. Kaplan–Meier analysis revealed that the PF classification system demonstrated a statistically significant difference in survival among its severity categories (log‑rank p = 0.003). In contrast, the SF classification failed to show a significant difference among its groups (log‑rank p = 0.131; Figure 1). To quantify and confirm these findings, we calculated Harrell’s C‑index from single‑variable models. The PF‑based model showed modest but significant discriminative power (C‑index = 0.568; 95% CI, 0.538–0.604), whereas the SF‑based model showed limited discrimination (C‑index = 0.535; 95% CI, 0.516–0.571). Together, these results demonstrate that the PF ratio is a superior and more reliable tool for risk stratification than the SF ratio in our cohort.
To address potential racial variability in SF [3], we examined SF and PF category distributions across Black (n = 74), White (n = 251), and Other (n = 257) groups. No significant differences were observed across racial groups. Although this contrasts with some reports of SpO2 bias in individuals with darker skin, the absence of a detectable signal here may reflect limited power in the Black subgroup or mitigation by our paired SF–PF design; replication in larger, more diverse cohorts is warranted.
Sensitivity analyses corroborated these findings (Table S9). Using the lowest 48‑hour SF pairing strategy, PF‑based categories discriminated 28‑day mortality (C‑index = 0.556), whereas SF did not (C‑index = 0.533). Using the lowest 48‑hour PF pairing strategy, PF again outperformed SF (C‑index = 0.565 vs 0.536). Across strategies, the subgroup reclassified from PF‑moderate to SF‑severe had mortality consistently similar to PF‑moderate and lower than PF‑severe.
The clinical utility of any ARDS classification rests on its capacity to order patients by risk in a way that is stable and decision‑relevant. In our analysis, PF‑based strata cohered with clinically meaningful risk gradients, whereas SF‑based categorization more often produced higher severity labels that did not translate into clearer prognostic separation. This pattern is more consistent with prognostic unreliability than with enhanced sensitivity for the sickest patients, reframing overestimation as noise rather than signal. SF remains attractive for its feasibility and noninvasiveness, but when ABG‑based PF is available, applying fixed SF thresholds for risk stratification carries a tangible risk of misclassification.
These considerations have practical implications. For clinical care and trial design alike, risk enrichment and treatment selection should rely on measures with demonstrated prognostic discrimination; at present, that standard is better met by PF. Because SF thresholds have not undergone prospective, outcome‑anchored validation to guide interventions, they should be applied cautiously and not used to time therapies until such validation exists. Prospective studies with protocolized timing, explicit handling of competing risks, and prespecified decision thresholds are needed to determine whether SF can be calibrated to provide reliable prognostic stratification comparable to PF.
In interpreting outcomes, we emphasize that ARDS is infrequently the proximate cause of death. Accordingly, 28‑day all‑cause mortality was retained as a patient‑centered endpoint with complete ascertainment and strong cross‑study comparability, but interpreted within a competing‑risk context (e.g., treatment limitation, sepsis, cardiovascular failure) rather than as ARDS‑specific lethality. We considered ECMO initiation as an endpoint; however, ECMO events were rare and not reliably captured, and such process endpoints are highly contingent on center‑level resources, selection practices, and clinician discretion, precluding meaningful modeling. The observed non‑monotonic survival pattern across ARDS severity categories likely reflects these competing risks and practice‑pattern differences.
The limitations of our study include its retrospective design and single‑center data source. Beyond the usual limitations of retrospective designs (e.g., residual confounding, missingness, selection bias), pairing SF with PF required anchoring SF to the time an arterial blood gas was available; consequently, the choice of the SF time was somewhat arbitrary. Although sensitivity analyses using alternative timing/selection rules yielded similar inferences, prospective studies with protocolized timing are needed. Second, PF‑based severity thresholds can trigger specific treatments; consequently, patients classified as less severe by PF may have received different therapies than those classified as severe, potentially biasing observed associations. Additionally, our analysis used baseline measurements within 24 hours of ICU admission and did not capture the dynamic nature of ARDS or treatment responses over time.
Overall, these findings integrate to support the superiority of PF over SF in retrospective prognostic alignment, with consistent patterns across concordance, discordant subgroup, and sensitivity analyses. While SF offers practical advantages in resource-limited settings, its tendency toward severity overestimation and weaker discrimination highlights the need for cautious application, particularly in contexts requiring precise risk stratification. Future research should prioritize prospective validation to refine SF thresholds and explore hybrid approaches combining SF and PF for enhanced clinical utility.
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