Table S1. Stepwise cohort derivation counts (MIMIC-IV derivation cohort).
	Cohort block
	Step
	N
	Events

	Derivation (MIMIC-IV)
	Adult first ICU stay (first ICU admission)
	65366
	

	Derivation (MIMIC-IV)
	Eligible at 12h landmark (alive ≥12h)
	64616
	

	12h landmark
	AG_first_12h available (0-12h)
	57220
	7249

	12h landmark
	Fully adjusted (M3) complete-case
	55273
	7005

	Derivation (MIMIC-IV)
	Eligible at 24h landmark (alive ≥24h)
	63960
	

	24h landmark
	AGmax_24h available (0-24h)
	62292
	7207

	24h landmark
	Fully adjusted (M3) complete-case
	60252
	6986

	Albumin-adjusted (cAG) subset
	Albumin available for cAG (within 24h)
	17163
	3089

	Albumin-adjusted (cAG) subset
	Fully adjusted (M3) complete-case
	16797
	2991


Notes: Adult first ICU stays. Landmark cohorts required survival to the landmark time and ≥1 qualifying anion gap measurement within the exposure window. Events denote 28-day all-cause deaths after the landmark. Complete-case counts reflect availability of all Model 3 covariates.
Table S2. Missingness of prespecified variables in the 12-h landmark cohort.
	Variable
	Missing_n
	Missing_%

	age
	0
	0.0%

	gender
	0
	0.0%

	sofa_24h
	0
	0.0%

	gcs_24h
	150
	0.3%

	charlson
	0
	0.0%

	creatinine_min
	12
	0.0%

	bun_min
	19
	0.0%

	wbc_min
	110
	0.2%

	platelets_min
	117
	0.2%

	map_mean
	101
	0.2%

	heart_rate_mean
	73
	0.1%

	resp_rate_mean
	142
	0.2%

	temperature_mean
	1660
	2.9%

	spo2_mean
	93
	0.2%

	albumin_min
	34021
	59.5%

	lactate_24h_max
	24187
	42.3%


Missingness was calculated as missing_n / N in the 12-h landmark cohort.


Table S3. Robustness across stepwise logistic regression models in the 12-h landmark cohort.
	Model
	Q4 vs Q1 OR (95% CI)
	p (Q4 vs Q1)
	Trend OR per quartile (95% CI)
	p (trend)

	Crude
	4.76 (4.42, 5.13)
	<0.001
	1.66 (1.62, 1.70)
	<0.001

	Model 1 (age, sex)
	4.77 (4.41, 5.15)
	<0.001
	1.67 (1.63, 1.71)
	<0.001

	Model 2 (+SOFA,GCS,Charlson)
	2.84 (2.61, 3.09)
	<0.001
	1.39 (1.35, 1.42)
	<0.001

	Model 3 (+labs/vitals)
	2.32 (2.11, 2.54)
	<0.001
	1.30 (1.26, 1.34)
	<0.001


Outcome was 28-day all-cause mortality from the 12-h landmark. Model 1 adjusted for age and sex; Model 2 additionally adjusted for SOFA score, minimum GCS, and Charlson Comorbidity Index; Model 3 further adjusted for 0–24 h physiologic and laboratory summaries. Quartiles were defined within the LM12h cohort (Q1 reference).

Table S4. Subgroup-specific associations (Q4 vs Q1) and interaction p values in the 12-h landmark cohort (Model 3).
	Subgroup
	Level
	N
	Events
	Q4 vs Q1 OR (95% CI)
	p_interaction

	Age ≥65
	No
	26836
	2236
	2.088 (1.784, 2.445)
	0.102

	Age ≥65
	Yes
	28437
	4769
	2.285 (2.036, 2.563)
	0.102

	Male
	No
	23983
	3237
	1.966 (1.716, 2.253)
	0.003

	Male
	Yes
	31290
	3768
	2.634 (2.322, 2.989)
	0.003

	SOFA ≥ median (4.0)
	No
	26865
	1543
	1.743 (1.446, 2.101)
	<0.001

	SOFA ≥ median (4.0)
	Yes
	28408
	5462
	2.586 (2.322, 2.880)
	<0.001

	Creatinine_min ≥1.5 mg/dL
	No
	45247
	4450
	2.398 (2.149, 2.676)
	0.156

	Creatinine_min ≥1.5 mg/dL
	Yes
	10026
	2555
	2.169 (1.780, 2.643)
	0.156


Adjusted ORs compare Q4 vs Q1 of AG_first_12h using Model 3 logistic regression. Interaction p values were obtained from multiplicative interaction terms.

Table S5. Lactate-adjusted sensitivity analyses (Model 3).
	Analysis
	N
	Lactate observed N
	Q4 vs Q1 OR (95% CI)
	p

	Primary (12h) + lactate missing-indicator
	55273
	31332
	2.09 (1.90, 2.30)
	<0.001

	Primary (12h) lactate complete-case
	31332
	31332
	2.21 (1.98, 2.48)
	<0.001

	Secondary (24h) + lactate missing-indicator
	60252
	32361
	1.85 (1.69, 2.03)
	<0.001

	Secondary (24h) lactate complete-case
	32361
	32361
	2.08 (1.85, 2.34)
	<0.001


Lactate was defined as the maximum lactate during 0–24 h. Missing-indicator models included lactate (when observed) plus an indicator for missingness; complete-case models restricted to patients with lactate observed.

Table S6. Cohort derivation and analytic sample sizes in the eICU-CRD external validation cohort.
	Cohort step
	N

	Adult first ICU stay per patient (base cohort)
	138855

	Eligible at 12 h landmark
	137854

	With AG_first_12h available (analysis set)
	68751

	Eligible at 24 h landmark
	136728

	With AGmax_24h available (analysis set)
	93917

	With albumin within 0-24 h
	56479

	With cAGmax_24h available (analysis subset)
	45444

	With lactate within 0-24 h
	30548


LM12h required AG_first_12h (first AG during 0–12 h) and survival to 12 h; LM24h required AGmax_24h (maximum AG during 0–24 h) and survival to 24 h. The cAG subset required albumin measured during 0–24 h.

Table S7. Missingness of prespecified variables in eICU-CRD analytic cohorts.
	Variable
	Missing % (LM12h main)
	Missing % (LM24h secondary)
	Missing % (LM24h cAG subset)

	Age
	0.0
	0.0
	0.0

	Female (sex)
	0.0
	0.0
	0.0

	APACHE total score
	13.5
	16.0
	15.5

	MAP/MAP mean (0-24h)
	1.8
	2.4
	2.0

	Heart rate mean (0-24h)
	1.7
	2.1
	1.6

	Respiratory rate mean (0-24h)
	5.8
	6.4
	5.7

	SaO2 mean (0-24h)
	2.5
	3.0
	2.6

	Creatinine min (0-24h)
	0.3
	0.3
	0.2

	BUN min (0-24h)
	0.2
	0.3
	0.2

	WBC min (0-24h)
	5.8
	6.0
	3.6

	Platelets min (0-24h)
	6.5
	6.8
	3.9

	Albumin within 0-24h
	NA
	51.6
	0.0

	cAGmax_24h
	NA
	51.6
	0.0


Percentages reflect missingness within each analytic cohort (LM12h, LM24h, and LM24h cAG subset). NA indicates not applicable because the variable was not part of the corresponding analytic cohort definition.

Table S8. Baseline characteristics by AG first 12h quartiles (LM12h main cohort).
	variable
	Q1
	Q2
	Q3
	Q4

	AG
	6.00 [5.00, 7.00]
	9.00 [9.00, 10.00]
	12.00 [11.90, 13.00]
	17.00 [15.00, 19.00]

	Age
	65.00 [53.00, 76.00]
	66.00 [53.00, 77.00]
	65.00 [52.00, 76.00]
	63.00 [50.00, 75.00]

	APACHE total score
	51.00 [38.00, 67.00]
	52.00 [38.00, 68.75]
	53.00 [38.00, 71.00]
	61.00 [44.00, 84.00]

	BUN min (0-24h)
	16.00 [11.00, 23.00]
	17.00 [11.00, 26.00]
	18.00 [12.00, 29.00]
	22.00 [13.00, 42.00]

	Creatinine min (0-24h)
	0.84 [0.67, 1.10]
	0.90 [0.70, 1.28]
	0.97 [0.72, 1.44]
	1.20 [0.80, 2.30]

	Female
	7592 (44.2%)
	7967 (46.4%)
	7878 (45.8%)
	7985 (46.5%)

	Heart rate mean (0-24h)
	80.91 [70.98, 91.93]
	82.35 [71.84, 93.98]
	83.60 [73.01, 95.72]
	88.21 [76.61, 100.42]

	MAP/MAP mean (0-24h)
	79.75 [72.12, 89.00]
	80.33 [72.43, 89.94]
	80.50 [72.41, 90.77]
	78.81 [70.68, 89.25]

	28-day in-hospital mortality (proxy)
	957 (5.6%)
	1229 (7.2%)
	1512 (8.8%)
	2885 (16.8%)

	Platelets min (0-24h)
	179.00 [133.00, 232.00]
	186.00 [138.00, 241.00]
	188.00 [139.00, 243.00]
	188.00 [131.00, 249.00]

	Respiratory rate mean (0-24h)
	18.24 [15.95, 21.24]
	18.47 [16.08, 21.64]
	18.71 [16.23, 21.97]
	19.31 [16.47, 22.86]

	SaO2 mean (0-24h)
	97.15 [95.68, 98.50]
	97.10 [95.62, 98.45]
	97.06 [95.55, 98.44]
	97.05 [95.37, 98.52]

	WBC min (0-24h)
	9.60 [7.19, 12.80]
	10.00 [7.40, 13.50]
	10.30 [7.50, 14.00]
	11.10 [7.81, 15.40]


Values are mean (SD), median [IQR], or n (%). Quartiles are defined within the LM12h cohort (Q1 reference).

Table S9. Baseline characteristics by AGmax 24h quartiles (LM24h cohort).
	variable
	Q1
	Q2
	Q3
	Q4

	AG
	6.00 [5.00, 7.00]
	9.00 [9.00, 10.00]
	12.00 [11.00, 13.00]
	16.10 [15.00, 19.00]

	Age
	66.00 [54.00, 76.00]
	66.00 [54.00, 77.00]
	65.00 [53.00, 77.00]
	64.00 [51.00, 75.00]

	APACHE total score
	48.00 [36.00, 62.00]
	49.00 [37.00, 65.00]
	51.00 [37.00, 68.00]
	59.00 [42.00, 80.00]

	BUN min (0-24h)
	15.00 [11.00, 23.00]
	16.00 [11.00, 25.00]
	17.00 [12.00, 28.00]
	22.00 [13.00, 41.00]

	Creatinine min (0-24h)
	0.83 [0.67, 1.09]
	0.90 [0.70, 1.22]
	0.95 [0.72, 1.39]
	1.18 [0.80, 2.20]

	Female
	10423 (44.4%)
	10798 (46.0%)
	10754 (45.8%)
	10886 (46.4%)

	Heart rate mean (0-24h)
	80.35 [70.55, 91.14]
	81.65 [71.50, 93.11]
	82.82 [72.43, 94.63]
	87.32 [75.75, 99.64]

	MAP/MAP mean (0-24h)
	80.28 [72.69, 89.56]
	80.75 [72.78, 90.32]
	81.36 [72.94, 91.46]
	79.28 [71.15, 89.87]

	28-day in-hospital mortality (proxy)
	955 (4.1%)
	1323 (5.6%)
	1706 (7.3%)
	3388 (14.4%)

	Platelets min (0-24h)
	181.00 [136.00, 233.00]
	186.00 [140.00, 242.00]
	189.00 [140.00, 244.00]
	188.00 [132.00, 248.00]

	Respiratory rate mean (0-24h)
	18.22 [15.99, 21.28]
	18.55 [16.14, 21.68]
	18.65 [16.18, 21.84]
	19.26 [16.43, 22.83]

	SaO2 mean (0-24h)
	97.00 [95.51, 98.37]
	97.02 [95.58, 98.37]
	96.97 [95.49, 98.39]
	97.05 [95.41, 98.50]

	WBC min (0-24h)
	9.50 [7.10, 12.70]
	9.90 [7.40, 13.20]
	10.10 [7.50, 13.60]
	11.00 [7.80, 15.26]


Values are mean (SD), median [IQR], or n (%). Quartiles are defined within the LM24h cohort (Q1 reference).

Table S10. Baseline characteristics by cAGmax 24h quartiles (LM24h cAG subset).
	variable
	Q1
	Q2
	Q3
	Q4

	Age
	63.00 [51.00, 75.00]
	65.00 [53.00, 76.00]
	65.00 [52.00, 76.00]
	64.00 [52.00, 76.00]

	albumin_24h
	3.20 [2.80, 3.60]
	3.00 [2.50, 3.40]
	2.80 [2.40, 3.30]
	2.60 [2.10, 3.20]

	APACHE total score
	46.00 [35.00, 61.00]
	53.00 [39.00, 70.00]
	57.00 [42.00, 76.00]
	71.00 [53.00, 95.00]

	BUN min (0-24h)
	15.00 [11.00, 22.00]
	17.00 [11.00, 27.00]
	19.00 [12.00, 33.00]
	28.00 [16.00, 49.00]

	cAG
	9.25 [8.00, 10.25]
	12.50 [11.75, 13.25]
	15.50 [14.75, 16.25]
	20.25 [18.50, 23.25]

	Creatinine min (0-24h)
	0.83 [0.67, 1.09]
	0.90 [0.70, 1.30]
	1.00 [0.72, 1.58]
	1.49 [0.90, 2.80]

	Female
	5288 (43.5%)
	4872 (46.0%)
	5333 (46.5%)
	5282 (47.0%)

	Heart rate mean (0-24h)
	79.97 [70.13, 91.08]
	83.33 [72.62, 94.64]
	85.48 [74.64, 97.66]
	90.88 [79.20, 103.25]

	MAP/MAP mean (0-24h)
	82.48 [74.07, 92.06]
	80.76 [72.65, 90.92]
	79.86 [71.84, 89.96]
	76.17 [68.91, 86.33]

	28-day in-hospital mortality (proxy)
	485 (4.0%)
	718 (6.8%)
	1095 (9.5%)
	2444 (21.7%)

	Platelets min (0-24h)
	187.00 [143.00, 235.00]
	185.00 [138.00, 242.00]
	185.00 [131.00, 246.00]
	174.00 [114.00, 243.00]

	Respiratory rate mean (0-24h)
	18.27 [15.98, 21.26]
	18.71 [16.22, 21.81]
	19.18 [16.52, 22.60]
	20.05 [16.84, 23.77]

	SaO2 mean (0-24h)
	97.00 [95.53, 98.37]
	97.08 [95.60, 98.48]
	97.07 [95.59, 98.46]
	97.15 [95.43, 98.63]

	WBC min (0-24h)
	9.20 [6.95, 12.39]
	9.70 [7.10, 13.20]
	10.30 [7.50, 14.32]
	11.50 [7.75, 16.50]


Values are presented as mean (SD), median [IQR], or n (%), as appropriate. Quartiles were defined within each cohort/subset (Q1 reference).
Table S11. Distributional cutpoints for AG and cAG within eICU-CRD cohorts.
	cohort
	exposure
	quantile_label
	value

	LM12h
	AG
	Min
	-15

	LM12h
	AG
	25th
	8

	LM12h
	AG
	Median
	11

	LM12h
	AG
	75th
	14

	LM12h
	AG
	Max
	62

	LM24h
	AG
	Min
	-15

	LM24h
	AG
	25th
	8

	LM24h
	AG
	Median
	11

	LM24h
	AG
	75th
	14

	LM24h
	AG
	Max
	89

	LM24h_cAG
	cAG
	Min
	-12.7500

	LM24h_cAG
	cAG
	25th
	11

	LM24h_cAG
	cAG
	Median
	13.9000

	LM24h_cAG
	cAG
	75th
	17.2500

	LM24h_cAG
	cAG
	Max
	64.7500


Notes: Distributional cutpoints for AG and cAG within eICU cohorts. Quartiles are defined separately within each cohort to maintain within-cohort comparability in a multicenter database. Because cutpoints are based on raw database-reported values, extreme or nonphysiologic AG/cAG values (including negative values) may be present, likely reflecting recording/unit inconsistencies or laboratory artifacts. To mitigate undue influence on continuous modeling, AG and cAG were winsorized at the 1st and 99th percentiles within each cohort prior to regression/spline analyses (see Methods).

Table S12. LM24h cohort: AGmax 24h quartiles and 28-day in-hospital mortality (proxy).
	Model
	N
	Events
	Q2 vs Q1
	Q3 vs Q1
	Q4 vs Q1

	Crude
	93917
	7372
	1.41 (1.25-1.58)
	1.85 (1.55-2.20)
	3.98 (3.26-4.85)

	Model 1
	93902
	7372
	1.40 (1.26-1.57)
	1.87 (1.57-2.22)
	4.22 (3.44-5.18)

	Model 2
	78873
	6578
	1.19 (1.07-1.32)
	1.43 (1.25-1.63)
	1.92 (1.67-2.20)

	Model 3
	69270
	5921
	1.15 (1.04-1.27)
	1.34 (1.18-1.53)
	1.64 (1.43-1.89)


[bookmark: _GoBack]Events denote 28-day in-hospital deaths after the landmark; patients discharged alive before day 28 were treated as survivors. Complete-case counts indicate availability of all Model 3 covariates.
Table S13. LM24h cohort: continuous AGmax 24h and 28-day in-hospital mortality (proxy).
	Model
	N
	Events
	AGmax_24h per 1 unit, OR (95% CI)
	p-value

	Crude
	93917
	7372
	1.12 (1.10-1.14)
	<0.001

	Model 1
	93902
	7372
	1.13 (1.11-1.15)
	<0.001

	Model 2
	78873
	6578
	1.05 (1.04-1.07)
	<0.001

	Model 3
	69270
	5921
	1.04 (1.03-1.05)
	<0.001


Events denote 28-day in-hospital deaths after the landmark; patients discharged alive before day 28 were treated as survivors. Complete-case counts indicate availability of all Model 3 covariates.

Table S14. LM24h cAG subset: continuous cAGmax 24h and 28-day in-hospital mortality (proxy).
	Model
	N
	Events
	cAGmax_24h per 1 unit, OR (95% CI)
	p-value

	Crude
	45444
	4742
	1.14 (1.13-1.15)
	<0.001

	Model 1
	45437
	4742
	1.15 (1.13-1.16)
	<0.001

	Model 2
	38401
	4234
	1.06 (1.05-1.07)
	<0.001

	Model 3
	34790
	3871
	1.05 (1.03-1.06)
	<0.001


Events denote 28-day in-hospital deaths after the landmark; patients discharged alive before day 28 were treated as survivors. Complete-case counts indicate availability of all Model 3 covariates.

Table S15. LM24h cAG subset: cAGmax 24h quartiles and 28-day in-hospital mortality (proxy).
	Model
	N
	Events
	Q2 vs Q1
	Q3 vs Q1
	Q4 vs Q1

	Crude
	45444
	4742
	1.75 (1.54-1.99)
	2.54 (2.11-3.06)
	6.68 (5.54-8.05)

	Model 1
	45437
	4742
	1.71 (1.50-1.94)
	2.49 (2.06-3.00)
	6.75 (5.58-8.16)

	Model 2
	38401
	4234
	1.27 (1.13-1.43)
	1.43 (1.22-1.68)
	2.23 (1.89-2.62)

	Model 3
	34790
	3871
	1.20 (1.05-1.36)
	1.26 (1.07-1.50)
	1.79 (1.51-2.11)


Events denote 28-day in-hospital deaths after the landmark; patients discharged alive before day 28 were treated as survivors. Complete-case counts indicate availability of all Model 3 covariates.





Table S16. LM12h cohort: continuous AG first_12h and 28-day in-hospital mortality (proxy).
	Model
	N
	Events
	AG_first_12h per 1 unit, OR (95% CI)
	p-value

	Crude
	68751
	6583
	1.10 (1.09-1.12)
	<0.001

	Model 1
	68739
	6583
	1.11 (1.10-1.13)
	<0.001

	Model 2
	59426
	5898
	1.04 (1.03-1.06)
	<0.001

	Model 3
	52423
	5297
	1.03 (1.02-1.04)
	<0.001


Events denote 28-day in-hospital deaths after the landmark; patients discharged alive before day 28 were treated as survivors. Complete-case counts indicate availability of all Model 3 covariates.

Table S17. LM12h cohort: AG first 12h quartiles and 28-day in-hospital mortality (proxy).
	Model
	N
	Events
	Q2 vs Q1
	Q3 vs Q1
	Q4 vs Q1

	Crude
	68751
	6583
	1.31 (1.18-1.45)
	1.64 (1.40-1.91)
	3.42 (2.82-4.16)

	Model 1
	68739
	6583
	1.30 (1.17-1.44)
	1.66 (1.43-1.94)
	3.66 (2.97-4.50)

	Model 2
	59426
	5898
	1.20 (1.07-1.33)
	1.33 (1.17-1.52)
	1.87 (1.60-2.17)

	Model 3
	52423
	5297
	1.14 (1.02-1.27)
	1.22 (1.08-1.39)
	1.57 (1.35-1.82)


Events denote 28-day in-hospital deaths after the landmark; patients discharged alive before day 28 were treated as survivors. Complete-case counts indicate availability of all Model 3 covariates.

Table S18. Hospital-standardized sensitivity analyses in eICU-CRD (Model 3).
	Cohort / exposure
	Sensitivity approach
	OR (95% CI)
	N
	Hospitals

	LM24h (AGmax_24h)
	Hospital-specific z-score (per 1 SD)
	1.28 (1.24–1.34)
	69269
	152

	LM24h (AGmax_24h)
	Hospital-specific quartiles (Q4 vs Q1)
	1.85 (1.66–2.07)
	68992
	135

	LM12h (AG_first_12h)
	Hospital-specific z-score (per 1 SD)
	1.22 (1.18–1.27)
	52423
	152

	LM12h (AG_first_12h)
	Hospital-specific quartiles (Q4 vs Q1)
	1.81 (1.62–2.02)
	51932
	128


Model 3 adjusted for age, sex, APACHE total score, and first-day physiologic/laboratory covariates, with hospital-level cluster-robust standard errors. Hospital-specific z scores were computed using winsorized AG values (1st/99th percentiles) within each hospital. Hospital-specific quartiles were defined within hospitals with ≥50 eligible patients (Q1 reference).






