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Figure S1. Percentage of missing variables included in the study
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[bookmark: _Hlk237202428]Figure S2. Observed mortality rates according to ACAG quartiles.
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Figure S3. Predictive performance of AG,ACAG,SOFA and SOFA plus ACAG
Table S1. The ICD codes used in the study
	Disease
	ICD version
	ICD code

	Chronic obstructive pulmonary disease with acute exacerbation
	9
	49121

	
	10
	J441


Abbreviations: ICD, international classification of diseases.


Table S2. Covariance analysis between variables
	Variables
	VIF

	ACAG
	1.136

	Age
	1.44

	BMI
	1.069

	Heart rate
	1.136

	Respiratory rate
	1.178

	Temperature
	1.097

	Hemoglobin
	1.066

	Platelets
	1.025

	INR
	1.067

	CCI
	1.442


Abbreviations: ACAG, albumin-corrected anion gap; INR, international normalized ratio; VIF, variance inflation factor; CCI, Charlson comorbidity index.


Table S3. Baseline characteristics according to ACAG quartiles
	Variables
	Total
(n = 585)
	Q1-3
(n = 446)
	Q4
(n = 139)
	P-value

	
	
	
	
	

	Demographics
	
	
	
	

	Age, years
	72 (65, 80)
	72 (64, 80)
	73 (67, 80)
	0.696

	Male, n (%)
	293 (50.1)
	226 (50.7)
	67 (48.2)
	0.611

	Race, n (%)
	
	
	
	0.588

	White
	393 (67.2)
	297 (66.6)
	96 (69.1)
	

	Other
	192 (32.8)
	149 (33.4)
	43 (30.9)
	

	BMI
	27.1 (22.5, 33.2)
	27.1 (22.3, 32.6)
	27.1 (22.7, 34.7)
	0.302

	Vital signs
	
	
	
	

	Heart rate, bpm
	87 (77, 99)
	86 (77, 99)
	90 (79, 104)
	0.053

	MBP, mmHg
	77 (71, 84)
	77 (72, 85)
	75 (69, 82)
	0.005

	Respiratory rate, bpm
	20 (18, 23)
	20 (18, 23)
	21 (18, 24)
	0.123

	Temperature, ℃
	36.8 (36.6, 37.0)
	36.8 (36.6, 37.1)
	36.8 (36.7, 37.0)
	0.910

	SpO2, %
	96 (94, 97)
	96 (94, 97)
	96 (94, 97)
	0.947

	Laboratory parameters
	
	
	
	

	Hemoglobin, g/dL
	10.8 (9.0, 12.2)
	10.9 (9.2, 12.4)
	10.4 (8.9, 11.9)
	0.088

	Platelet, K/μL
	204 (141, 268)
	211 (146, 270)
	184 (126, 261)
	0.028

	WBC, K/μL
	10.9 (7.6, 14.9)
	10.6 (7.5, 14.2)
	11.7 (8.1, 17.7)
	0.012

	Creatinine, mg/dL
	1.0 (0.8, 1.6)
	1.0 (0.7, 1.4)
	1.5 (1.0, 2.7)
	<0.001

	Glucose, mg/dL
	138 (115, 178)
	136 (114, 173)
	151 (121, 197)
	0.007

	Sodium, mmol/L
	139 (136, 142)
	140 (136, 142)
	138 (135, 141)
	0.038

	Potassium, mmol/L
	4.3 (3.9, 4.8)
	4.3 (3.9, 4.7)
	4.3 (3.8, 4.9)
	0.764

	INR
	1.3 (1.1, 1.6)
	1.2 (1.1, 1.5)
	1.4 (1.2, 2.0)
	<0.001

	Anion gap, mmol/L
	14 (12, 16)
	13 (11, 15)
	19 (17, 21)
	<0.001

	Albumin, g/dL
	3.4 (3.0, 3.7)
	3.5 (3.1, 3.8)
	3.2 (2.8, 3.6)
	<0.001

	Comorbidities, n (%)
	
	
	
	

	Hypertension
	200 (34.2)
	160 (35.9)
	40 (28.8)
	0.123

	Diabetes
	184 (31.5)
	134 (30.0)
	50 (36.0)
	0.189

	Heart Failure
	314 (53.7)
	239 (53.6)
	75 (54.0)
	0.939

	Cirrhosis
	42 (7.2)
	29 (6.5)
	13 (9.4)
	0.256

	CKD
	150 (25.6)
	99 (22.2)
	51 (36.7)
	<0.001

	CCI
	6 (5,8)
	6 (5,8)
	7 (5,9)
	0.005

	Medications, n (%)
	
	
	
	

	Glucocorticoid
	394 (67.4)
	305 (68.4)
	89 (64.0)
	0.339

	Antibiotic
	503 (86.0)
	378 (84.8)
	125 (89.9)
	0.125

	Vasoactive
	173 (29.6)
	118 (26.5)
	55 (39.6)
	0.003

	Others
	
	
	
	

	Smoker
	411 (70.3)
	314 (70.4)
	97 (69.8)
	0.889

	SOFA
	4 (2, 7)
	4 (2, 6)
	6 (3, 8)
	<0.001

	GCS 
	15 (14,15)
	15 (14,15)
	15 (14,15)
	0.644

	Outcomes
	
	
	
	

	30-day mortality, n (%)
	149 (25.5)
	99 (22.2)
	50 (36.0)
	0.001

	365-day mortality, n (%)
	272 (46.5)
	194 (43.5)
	78 (56.1)
	0.009

	In-hospital mortality, n (%)
	97 (16.6)
	60 (13.5)
	37 (26.6)
	<0.001

	MV, n (%)
	319 (54.5)
	243 (54.5)
	76 (54.7)
	0.968

	ICU readmission, n (%) 
	88 (15.0)
	63 (14.1)
	25 (18.0)
	0.266

	ICU LOS, days
	3.3 (1.9, 6.4)
	3.4 (1.9, 6.6)
	3.1 (1.8, 6.0)
	0.155

	Hospital LOS, days
	9.0 (5.6, 15.9)
	9.0 (5.7, 15.5)
	9.1 (5.3, 16.8)
	0.778


Note: Values are presented as median (25th percentile, 75th percentile) for continuous variables and n (%) for categorical variables.
Abbreviations: ACAG, albumin-corrected anion gap; BMI, body mass index; CCI, Charlson Comorbidity Index; CKD, Chronic Kidney Disease; GCS, Glasgow Coma Scale (GCS) score; ICU, intensive care unit; INR, international normalized ratio; LOS, length of stay; MBP, mean blood pressure; SOFA, sequential organ failure assessment; SpO2, peripheral oxygen saturation; MV, mechanical ventilation; WBC, white blood cell.


Table S4. Baseline characteristics of the 30-day survivor and 30-day mortality group
	Variables
	Total
(n = 585)
	30-day survivor
(n = 436)
	30-day mortality
(n = 149)
	P-value

	
	
	
	
	

	Demographics
	
	
	
	

	Age, years
	72 (65, 80)
	70 (63, 78)
	76 (70, 83)
	<0.001

	Male, n(%)
	293 (50.1)
	217 (49.8)
	76 (51.0)
	0.794

	Race, n(%)
	
	
	
	0.303

	White
	393 (67.2)
	298 (68.4)
	95 (63.8)
	

	Other
	192 (32.8)
	138 (31.7)
	54 (36.2)
	

	BMI
	27.1 (22.5, 33.2)
	27.6 (22.7, 33.7)
	25.9 (20.9, 31.9)
	0.015

	Vital signs
	
	
	
	

	Heart rate, bpm
	87 (77, 99)
	86 (77, 98)
	91 (79, 105)
	0.008

	MBP, mmHg
	77 (71, 84)
	78 (72, 85)
	76 (71, 82)
	0.104

	Respiratory rate, bpm
	20 (18, 23)
	20 (18, 23)
	22 (19, 25)
	<.001

	Temperature, ℃
	36.8 (36.6, 37.0)
	36.9 (36.7, 37.1)
	36.7 (36.6, 37.0)
	0.003

	SpO2, %
	96 (94, 97)
	96 (94, 97)
	95 (94, 97)
	0.899

	Laboratory parameters
	
	
	
	

	Hemoglobin, g/dL
	10.8 (9.0, 12.2)
	10.9 (9.3, 12.3)
	10.3 (8.8, 11.8)
	0.010

	Platelet, K/μL
	204 (141, 268)
	207 (146, 269)
	187 (127, 268)
	0.064

	WBC, K/μL
	10.9 (7.6, 14.9)
	10.8 (7.6, 14.7)
	11.2 (7.8, 15.4)
	0.356

	Creatinine, mg/dL
	1.0 (0.8, 1.6)
	1.0 (0.8, 1.4)
	1.3 (0.8, 2.0)
	0.009

	Glucose, mg/dL
	138 (115, 178)
	138 (116, 178)
	136 (113, 174)
	0.637

	Sodium, mmol/L
	139 (136, 142)
	139 (136, 142)
	139 (136, 142)
	0.315

	Potassium, mmol/L
	4.3 (3.9, 4.8)
	4.3 (3.9, 4.7)
	4.3 (4.0, 4.8)
	0.434

	INR
	1.3 (1.1, 1.6)
	1.2 (1.1, 1.5)
	1.3 (1.2, 1.9)
	0.003

	Anion gap, mmol/L
	14 (12, 16)
	14 (12, 16)
	15 (13, 17)
	0.006

	Albumin, g/dL
	3.4 (3.0, 3.7)
	3.5 (3.1, 3.8)
	3.2 (2.7, 3.6)
	<0.001

	ACAG, mmol/L
	16.8 (14.5, 19.0)
	16.5 (14.2, 18.5)
	17.8 (15.5, 20.3)
	<0.001

	Comorbidities, n (%)
	
	
	
	

	Hypertension
	200 (34.2)
	153 (35.1)
	47 (31.5)
	0.431

	Diabetes
	184 (31.5)
	144 (33.0)
	40 (26.9)
	0.161

	Heart Failure
	314 (53.7)
	230 (52.8)
	84 (56.4)
	0.444

	Cirrhosis
	42 (7.2)
	29 (6.7)
	13 (8.7)
	0.397

	CKD
	150 (25.6)
	103 (23.6)
	47 (31.5)
	0.056

	CCI
	6 (5,8)
	6 (4,8)
	8 (6,10)
	<0.001

	Medications, n (%)
	
	
	
	

	Glucocorticoid
	394 (67.4)
	294 (67.4)
	100 (67.1)
	0.943

	Antibiotic
	503 (86.0)
	372 (85.3)
	131 (87.9)
	0.430

	Vasoactive
	173 (29.6)
	124 (28.4)
	49 (32.9)
	0.305

	Others
	
	
	
	

	Smoker
	411 (70.3)
	315 (72.3)
	96 (64.4)
	0.072

	SOFA
	4 (2, 7)
	4 (2, 6)
	5 (3, 8)
	<.001

	GCS
	15 (14,15)
	15 (14,15)
	15 (13,15)
	0.002


Note: Values are presented as median (25th percentile, 75th percentile) for continuous variables and n (%) for categorical variables.
Abbreviations: ACAG, albumin-corrected anion gap; BMI, body mass index; CCI, Charlson Comorbidity Index; CKD, Chronic Kidney Disease; GCS, Glasgow Coma Scale (GCS) score; ICU, intensive care unit; INR, international normalized ratio; LOS, length of stay; MBP, mean blood pressure; SOFA, sequential organ failure assessment; SpO2, peripheral oxygen saturation; WBC, white blood cell. 

Table S5. Univariate cox analysis for 30-day mortality
	Variables
	OR (95% CI)
	P-value

	Age
	1.05 (1.03 - 1.06)
	<0.001

	Gender, male
	1.02 (0.74 - 1.41)
	0.887

	Race, white
	0.83 (0.60 - 1.16)
	0.286

	BMI
	0.97 (0.96 - 0.99)
	0.009

	Heart rate
	1.02 (1.01 - 1.03)
	<0.001

	MBP
	0.98 (0.97 - 1.00)
	0.056

	Respiratory rate
	1.08 (1.04 - 1.13)
	<0.001

	Temperature
	0.58 (0.44 - 0.76)
	<0.001

	SpO2
	0.99 (0.92 - 1.06)
	0.739

	Hemoglobin
	0.91 (0.84 - 0.98)
	0.018

	Platelet
	0.99 (0.99 - 0.99)
	0.043

	WBC
	1.02 (1.00 - 1.05)
	0.066

	Creatinine
	1.11 (0.99 - 1.24)
	0.069

	Glucose
	1.00 (1.00 - 1.00)
	0.851

	Sodium
	1.02 (0.99 - 1.05)
	0.196

	Potassium
	1.18 (0.92 - 1.50)
	0.188

	INR
	1.25 (1.10 - 1.42)
	<0.001

	ACAG
	1.09 (1.05 - 1.13)
	<0.001

	Smoker
	0.72 (0.51 - 1.01)
	0.055

	Hypertension
	0.84 (0.59 - 1.19)
	0.322

	Diabetes
	0.78 (0.54 - 1.11)
	0.169

	Heart failure
	1.14 (0.82 - 1.58)
	0.428

	Cirrhosis
	1.26 (0.72 – 2.23)
	0.421

	CKD
	1.40 (0.99 – 1.98)
	0.057

	CCI
	1.20 (1.14 - 1.27)
	<0.001

	Glucocorticoid
	1.00 (0.71 - 1.41)
	0.998

	Antibiotic
	1.25 (0.76 - 2.05)
	0.371

	Vasoactive
	1.20 (0.85 - 1.69)
	0.293

	Smoker
	0.72 (0.52 – 1.01)
	0.055

	SOFA
	1.11 (1.06 – 1.16)
	<0.001

	GCS
	0.92 (0.87 – 0.96)
	<0.001


Abbreviations: ACAG, albumin-corrected anion gap; BMI, body mass index; CCI, Charlson Comorbidity Index; CKD, Chronic Kidney Disease; GCS, Glasgow Coma Scale (GCS) score; ICU, intensive care unit; INR, international normalized ratio; LOS, length of stay; MBP, mean blood pressure; SOFA, sequential organ failure assessment; SpO2, peripheral oxygen saturation; WBC, white blood cell.


Table S6. Univariate and multivariate logistic regression analysis of factors influencing in-hospital mortality
	
	Univariate analysis
	
	Multivariate analysis

	Variables
	OR (95% CI)
	P
	
	OR (95% CI)
	P

	ACAG
	
	
	
	
	

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.91 (0.94-3.87)
	0.074
	
	1.47 (0.69-3.09)
	0.316

	Q3
	1.76 (0.87-3.56)
	0.118
	
	1.22 (0.58-2.59)
	0.599

	Q4
	3.58 (1.84-6.96)
	<0.001
	
	2.41 (1.18-4.92)
	0.016

	Age
	1.05 (1.03-1.07)
	<0.001
	
	1.05 (1.03-1.07)
	<0.001

	Gender, Male
	0.92 (0.60-1.43)
	0.725
	
	
	

	Race, White
	0.58 (0.37-0.91)
	0.017
	
	0.48 (0.29-0.79)
	0.004

	BMI
	0.98 (0.96-1.01)
	0.239
	
	
	

	Heart rate
	1.02 (1.01-1.04)
	0.001
	
	1.03 (1.01-1.04)
	<0.001

	MBP
	0.99 (0.96-1.01)
	0.221
	
	
	

	Respiratory rate
	1.10 (1.04-1.17)
	<0.001
	
	
	

	Temperature
	0.49 (0.32-0.78)
	0.002
	
	0.47 (0.29-0.75)
	0.002

	SpO2
	0.99 (0.90-1.08)
	0.772
	
	
	

	Hemoglobin
	0.92 (0.83-1.02)
	0.128
	
	
	

	Platelet
	0.99 (0.99-0.99)
	0.027
	
	0.99 (0.99-0.99)
	0.025

	WBC
	1.03 (1.00-1.06)
	0.068
	
	
	

	Creatinine
	1.18 (1.01-1.39)
	0.040
	
	
	

	Glucose
	1.00 (1.00-1.00)
	0.825
	
	
	

	Sodium
	1.03 (0.99-1.08)
	0.167
	
	
	

	Potassium
	1.25 (0.90-1.73)
	0.180
	
	
	

	INR
	1.42 (1.14-1.76)
	0.001
	
	1.32 (1.03-1.70)
	0.028

	Hypertension
	0.51 (0.31-0.85)
	0.010
	
	0.54 (0.31-0.93)
	0.025

	Diabetes
	0.81 (0.50-1.32)
	0.401
	
	
	

	Heart Failure
	1.57 (1.01-2.46)
	0.048
	
	
	

	Cirrhosis
	1.20 (0.54–2.68)
	0.656
	
	
	

	CKD
	1.46 (0.91-2.34)
	0.120
	
	
	

	CCI
	1.24 (1.14-1.34)
	2.877
	
	1.15 (1.04-1.27)
	0.004

	Glucocorticoid
	1.04 (0.65-1.66)
	0.874
	
	
	

	Antibiotic
	1.33 (0.68-2.62)
	0.407
	
	
	

	Vasoactive
	1.43 (0.90-2.27)
	0.125
	
	
	

	Smoker
	0.71 (0.45-1.12)
	0.136
	
	
	

	SOFA
	1.16 (1.09-1.24)
	4.76
	
	
	

	GCS
	0.90 (0.84-0.96)
	<0.001
	
	
	


Abbreviations: ACAG, albumin-corrected anion gap; BMI, body mass index; CCI, Charlson Comorbidity Index; CKD, Chronic Kidney Disease; GCS, Glasgow Coma Scale (GCS) score; ICU, intensive care unit; INR, international normalized ratio; LOS, length of stay; MBP, mean blood pressure; SOFA, sequential organ failure assessment; SpO2, peripheral oxygen saturation; WBC, white blood cell.


[bookmark: _Hlk237468448]Table S7. Assessment of the proportional hazards assumption for the Cox regression models
	Outcome
	Term
	Chi-square
	df
	P
	N

	30-day mortality
	ACAG
	10.490
	1
	0.001
	304

	30-day mortality
	Age
	1.816
	1
	0.178
	304

	30-day mortality
	BMI
	0.954
	1
	0.329
	304

	30-day mortality
	Heart rate
	14.424
	1
	<0.001
	304

	30-day mortality
	Respiratory rate
	3.987
	1
	0.046
	304

	30-day mortality
	Temperature
	0.633
	1
	0.426
	304

	30-day mortality
	Hemoglobin
	0.021
	1
	0.886
	304

	30-day mortality
	Platelets
	0.782
	1
	0.376
	304

	30-day mortality
	INR
	0.083
	1
	0.773
	304

	30-day mortality
	Charlson Comorbidity Index
	0.372
	1
	0.542
	304

	30-day mortality
	Global test
	29.141
	10
	0.001
	304

	365-day mortality
	ACAG
	11.386
	1
	<0.001
	304

	365-day mortality
	Age
	3.923
	1
	0.048
	304

	365-day mortality
	BMI
	0.040
	1
	0.842
	304

	365-day mortality
	Heart rate
	18.724
	1
	<0.001
	304

	365-day mortality
	Respiratory rate
	6.808
	1
	0.009
	304

	365-day mortality
	Temperature
	0.042
	1
	0.837
	304

	365-day mortality
	Hemoglobin
	0.754
	1
	0.385
	304

	365-day mortality
	Platelets
	0.004
	1
	0.949
	304

	365-day mortality
	INR
	0.143
	1
	0.706
	304

	365-day mortality
	Charlson Comorbidity Index
	2.459
	1
	0.117
	304

	365-day mortality
	Global test
	35.007
	10
	<0.001
	304


A two-sided P-value <0.05 indicates evidence against the proportional hazards assumption. Model 3 included ACAG, age, BMI, heart rate, respiratory rate, temperature, hemoglobin, platelets, INR, and the Charlson Comorbidity Index.


[bookmark: _Hlk237468466]Table S8. Piecewise time-varying Cox regression analyses of ACAG and all-cause mortality
	Outcome
	Interval
	HR (95% CI)
	P
	N
	Events
	Time-varying covariates

	30-day mortality
	0-7 days
	1.152 (1.070-1.239)
	<0.001
	304
	79
	ACAG, heart rate

	30-day mortality
	8-14 days
	1.074 (0.968-1.192)
	0.180
	304
	79
	ACAG, heart rate

	30-day mortality
	15-30 days
	0.995 (0.878-1.128)
	0.942
	304
	79
	ACAG, heart rate

	365-day mortality
	0-30 days
	1.101 (1.037-1.168)
	0.002
	304
	137
	ACAG, age, heart rate, respiratory rate

	365-day mortality
	31-90 days
	1.004 (0.921-1.093)
	0.936
	304
	137
	ACAG, age, heart rate, respiratory rate

	365-day mortality
	91-180 days
	0.961 (0.863-1.070)
	0.470
	304
	137
	ACAG, age, heart rate, respiratory rate

	365-day mortality
	181-365 days
	1.063 (0.970-1.165)
	0.189
	304
	137
	ACAG, age, heart rate, respiratory rate


Abbreviations: ACAG, albumin-corrected anion gap; CI, confidence interval; HR, hazard ratio.


Table S9. ROC, NRI, and IDI comparisons for AG versus ACAG and SOFA versus SOFA plus ACAG

Panel A. AUC and paired DeLong comparisons
	Outcome
	Comparison
	Base AUC
	New AUC
	Delta AUC
	P

	30-day mortality
	Anion gap to ACAG
	0.575
	0.616
	0.041
	<0.001

	365-day mortality
	Anion gap to ACAG
	0.547
	0.574
	0.027
	0.009

	In-hospital mortality
	Anion gap to ACAG
	0.608
	0.625
	0.017
	0.241

	30-day mortality
	SOFA to SOFA + ACAG
	0.606
	0.633
	0.027
	0.111

	365-day mortality
	SOFA to SOFA + ACAG
	0.600
	0.605
	0.006
	0.480

	In-hospital mortality
	SOFA to SOFA + ACAG
	0.650
	0.665
	0.015
	0.389



Panel B. Category-free NRI and IDI
	Outcome
	Comparison
	NRI (95% CI)
	IDI (95% CI)

	30-day mortality
	Anion gap to ACAG
	0.334 (0.131-0.540)
	0.018 (0.006-0.034)

	365-day mortality
	Anion gap to ACAG
	0.216 (0.012-0.393)
	0.007 (-0.000-0.017)

	In-hospital mortality
	Anion gap to ACAG
	0.322 (0.048-0.517)
	0.011 (0.000-0.026)

	30-day mortality
	SOFA to SOFA + ACAG
	0.252 (0.053-0.437)
	0.016 (0.001-0.042)

	365-day mortality
	SOFA to SOFA + ACAG
	0.170 (-0.089-0.331)
	0.003 (0.000-0.021)

	In-hospital mortality
	SOFA to SOFA + ACAG
	0.240 (-0.016-0.453)
	0.014 (0.001-0.046)


Abbreviations: ACAG, albumin-corrected anion gap; AG, anion gap; AUC, area under the receiver operating characteristic curve; CI, confidence interval; IDI, integrated discrimination improvement; NRI, net reclassification improvement; SOFA, Sequential Organ Failure Assessment.
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