Figure Legends and Table Notes
Dynamic lactate trajectories within 48 hours of ICU admission predict mortality in severe pneumonia: a retrospective cohort study with external validation
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Supplementary Tables
Table S1
Table S1. Latent growth mixture model selection criteria for k = 1–5 trajectory classes. Model fit indices for each solution fitted to the 48-hour blood lactate data (MIMIC, n = 870). The four-class solution was selected on the basis of the lowest BIC, acceptable entropy (≥ 0.60), minimum APPA (≥ 0.70), and clinical interpretability.
APPA, average posterior probability of assignment; BIC, Bayesian information criterion; k, number of trajectory classes; LGMM, latent growth mixture model.
Table S2
Table S2a. Trajectory phenotype distribution in the external validation cohort (SGH, n = 289). The LGMM parameters estimated in the derivation cohort were applied to the validation cohort by clinical trajectory matching.
LGMM, latent growth mixture model; SGH, Shanghai General Hospital; T1–T4, trajectory phenotypes 1–4.
Table S2b
Table S2b. Average posterior probability of assignment for the external validation cohort (SGH, n = 289). APPA was computed using Gaussian likelihood-based posterior probabilities derived from the derivation cohort trajectory means and standard deviations. Overall APPA was 0.902, and 90.3% of patients had APPA ≥ 0.70.
APPA, average posterior probability of assignment; LGMM, latent growth mixture model; SGH, Shanghai General Hospital; T1–T4, trajectory phenotypes 1–4.
Table S3
Table S3. Univariable Cox proportional hazards regression for 28-day, 60-day, and 90-day mortality (MIMIC-IV, n = 870) and multivariable Cox regression for 90-day mortality in the validation cohort (SGH, n = 289). Univariable: each covariate tested individually without adjustment. These results informed variable selection for the multivariable models (Table 2). Validation cohort multivariable model adjusted for age and SOFA.
APS III, Acute Physiology Score III; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; SGH, Shanghai General Hospital; SOFA, Sequential Organ Failure Assessment.
Table S4
Table S4a. Sensitivity analysis: binary risk stratification (high-risk [T2 + T4] vs. low-risk [T1 + T3]). Unadjusted and multivariable-adjusted hazard ratios for 28-day, 60-day, and 90-day mortality. The multivariable model was adjusted for age, sex, COPD, SOFA, and APS III.
APS III, Acute Physiology Score III; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; SOFA, Sequential Organ Failure Assessment; T1–T4, trajectory phenotypes 1–4.
Table S4b
Table S4b. Missing data summary and multiple imputation by chained equations results. The number and proportion of missing values for each imputed variable are presented alongside observed and pooled imputed means (SD). Variables with ≥ 5% missing data were imputed using predictive mean matching (m = 5 datasets, 20 iterations). Primary analyses used complete cases; imputed results were substantively similar.
ALT, alanine aminotransferase; LDH, lactate dehydrogenase; MICE, multiple imputation by chained equations; PaO₂/FiO₂, oxygenation index; PMM, predictive mean matching; SD, standard deviation.
Table S5
Table S5. Sensitivity analysis: high-confidence assignment subgroup (APPA ≥ 0.80, n = 543) — 90-day mortality. Multivariable Cox regression using the same covariates as Table 2. Results were consistent with the primary analysis, confirming that prognostic associations were not materially altered by trajectory misclassification.
APPA, average posterior probability of assignment; APS III, Acute Physiology Score III; CI, confidence interval; HR, hazard ratio; SOFA, Sequential Organ Failure Assessment.
Table S6
Table S6. Sensitivity analysis: subgroup analysis stratified by SOFA score tertile — 90-day mortality. Multivariable Cox regression within each SOFA tertile. Consistency of direction across strata supports the generalisability of trajectory-based prognostic associations. Formal interaction testing showed no significant interaction (p > 0.05 for all).
CI, confidence interval; HR, hazard ratio; SOFA, Sequential Organ Failure Assessment; T1–T4, trajectory phenotypes 1–4.
Table S7
Table S7. Missing data summary for the derivation cohort (MIMIC-IV, n = 870). Variables with ≥ 5% missing were imputed using MICE (see Table S4b). Variables with < 5% missing were handled by complete-case analysis.
MAR, missing at random; MICE, multiple imputation by chained equations.
Table S8
Table S8. Secondary clinical outcomes in the external validation cohort (SGH, n = 289). ICU length of stay and hospital length of stay reported as median [interquartile range]. Between-group comparisons used the Kruskal–Wallis test.
ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; SGH, Shanghai General Hospital; T1–T4, trajectory phenotypes 1–4.
Table S9
Table S9. Model discrimination: Harrell’s C-index for multivariable Cox models. C-index with 95% confidence interval for 28-day, 60-day, and 90-day mortality (MIMIC) and 90-day mortality (SGH). The incremental value of adding lactate trajectory to a SOFA-only model was assessed by ΔC-index, categorical NRI, and IDI.
C-index, concordance index; CI, confidence interval; IDI, integrated discrimination improvement; NRI, net reclassification improvement; SGH, Shanghai General Hospital; SOFA, Sequential Organ Failure Assessment.
Table S10
Table S10. Baseline characteristics of the external validation cohort stratified by lactate trajectory phenotype (SGH, n = 289). Presented in the same format as Table 1. Continuous variables as mean (SD) or median [IQR]; categorical variables as n (%). Between-group comparisons used the Kruskal–Wallis test or Fisher exact test.
COPD, chronic obstructive pulmonary disease; Cr, creatinine; CURB-65, pneumonia severity score; HF, heart failure; ICU, intensive care unit; IQR, interquartile range; LDH, lactate dehydrogenase; LOS, length of stay; MV, mechanical ventilation; SGH, Shanghai General Hospital; SOFA, Sequential Organ Failure Assessment; T1–T4, trajectory phenotypes 1–4; WBC, white blood cell count.



Table S1. Latent growth mixture model selection criteria for k = 1–5 trajectory classes. 
	k
	Log-likelihood
	BIC
	Entropy
	Min APPA

	1
	-7718.7
	15477.9
	1
	1

	2
	-7111.1
	14289.8
	1
	0.936

	3
	-7008.1
	14110.9
	1
	0.83

	4
	-6964.1
	14050
	1
	0.745

	5
	-6964.1
	14077.1
	1
	0.474

	
	
	
	
	


Table S2a. Trajectory phenotype distribution in the external validation cohort (SGH, n = 289).
	Class
	Trajectory
	N
	Proportion (%)

	1
	T1: Stable-normal
	215
	74.4

	2
	T2: Fluctuating-worsening
	10
	3.5

	3
	T3: Rapid-resolving
	43
	14.9

	4
	T4: Persistent-abnormal
	21
	7.3


Table S2b. Average posterior probability of assignment for the external validation cohort (SGH, n = 289). 
	Trajectory
	N
	APPA
	Pct_above_70

	T1
	215
	0.925
	93

	T2
	10
	0.998
	100

	T3
	43
	0.807
	81.4

	T4
	21
	0.812
	76.2

	Overall
	289
	0.902
	90.3

	
	
	
	


Table S3. Univariable Cox proportional hazards regression for 28-day, 60-day, and 90-day mortality (MIMIC-IV, n = 870) and multivariable Cox regression for 90-day mortality in the validation cohort (SGH, n = 289).
	Timepoint
	Variable
	Univariate analysis
	
	
	Multivariate analysis
	

	
	
	HR (95%CI)
	P
	
	HR (95%CI)
	P

	28
	T2 VS TI
	3.66 (2.58–5.18)
	<0.001
	
	
	

	28
	T3 VS TI
	1.16 (0.89–1.52)
	0.272
	
	
	

	28
	T4 VS TI
	1.43 (1.07–1.93)
	0.017
	
	
	

	28
	Age
	1.02 (1.01–1.03)
	<0.001
	
	
	

	28
	Gender
	0.81 (0.65–1.01)
	0.061
	
	
	

	28
	Hypertension
	1.15 (0.92–1.44)
	0.216
	
	
	

	28
	Diabetes
	1.27 (1.02–1.58)
	0.033
	
	
	

	28
	HF
	1.29 (1.04–1.61)
	0.021
	
	
	

	28
	COPD
	1.31 (1.01–1.68)
	0.039
	
	
	

	28
	Cerebrovascular
	1.26 (0.93–1.72)
	0.133
	
	
	

	28
	SOFA
	1.09 (1.06–1.12)
	<0.001
	
	
	

	28
	APSIII
	1.01 (1.01–1.02)
	<0.001
	
	
	

	60
	T2 VS TI
	3.42 (2.46–4.75)
	<0.001
	
	
	

	60
	T3 VS TI
	1.14 (0.89–1.46)
	0.295
	
	
	

	60
	T4 VS TI
	1.40 (1.07–1.84)
	0.016
	
	
	

	60
	Age
	1.02 (1.02–1.03)
	<0.001
	
	
	

	60
	Gender
	0.80 (0.65–0.98)
	0.028
	
	
	

	60
	Hypertension
	1.18 (0.96–1.46)
	0.114
	
	
	

	60
	Diabetes
	1.27 (1.04–1.56)
	0.020
	
	
	

	60
	HF
	1.33 (1.08–1.62)
	0.006
	
	
	

	60
	COPD
	1.28 (1.01–1.62)
	0.042
	
	
	

	60
	Cerebrovascular
	1.31 (0.99–1.73)
	0.061
	
	
	

	60
	SOFA
	1.08 (1.05–1.11)
	<0.001
	
	
	

	60
	APSIII
	1.01 (1.01–1.02)
	<0.001
	
	
	

	90
	T2 VS TI
	3.33 (2.41–4.60)
	<0.001
	
	3.02 (1.19–7.67)
	0.02

	90
	T3 VS TI
	1.16 (0.91–1.48)
	0.219
	
	1.38 (0.75–2.53)
	0.306

	90
	T4 VS TI
	1.42 (1.09–1.86)
	0.009
	
	1.98 (0.89–4.40)
	0.094

	90
	Age
	1.02 (1.01–1.03)
	<0.001
	
	1.04 (1.02–1.06)
	<0.001

	90
	Gender
	0.83 (0.69–1.01)
	0.068
	
	
	

	90
	Hypertension
	1.13 (0.93–1.39)
	0.224
	
	
	

	90
	Diabetes
	1.21 (0.99–1.47)
	0.064
	
	
	

	90
	HF
	1.29 (1.06–1.57)
	0.012
	
	
	

	90
	COPD
	1.34 (1.07–1.69)
	0.010
	
	
	

	90
	Cerebrovascular
	1.41 (1.08–1.84)
	0.012
	
	
	

	90
	SOFA
	1.09 (1.06–1.11)
	<0.001
	
	0.96 (0.91–1.01)
	0.115

	90
	APSIII
	1.01 (1.01–1.02)
	<0.001
	
	
	

	
	
	
	
	
	
	


Table S4a. Sensitivity analysis: binary risk stratification (high-risk [T2 + T4] vs. low-risk [T1 + T3]). 
	Timepoint
	Comparison
	HR (95%CI)
	P

	28-day
	High risk (T2+T4) vs Low risk (T1+T3)
	1.74 (1.39–2.18)
	<0.001

	60-day
	High risk (T2+T4) vs Low risk (T1+T3)
	1.68 (1.36–2.08)
	<0.001

	90-day
	High risk (T2+T4) vs Low risk (T1+T3)
	1.67 (1.36–2.05)
	<0.001

	28-day
	High risk (T2+T4) vs Low risk (T1+T3) — adjusted
	1.42 (1.12–1.81)
	0.004

	60-day
	High risk (T2+T4) vs Low risk (T1+T3) — adjusted
	1.42 (1.13–1.78)
	0.003

	90-day
	High risk (T2+T4) vs Low risk (T1+T3) — adjusted
	1.41 (1.13–1.75)
	0.002


Table S4b. Missing data summary and multiple imputation by chained equations results. 
	Variable
	N total
	N missing
	Missing (%)
	Observed mean (SD)
	Pooled imputed mean (SD)
	Imputation method

	pH
	870
	1
	0.1
	7.30 (0.12)
	7.30 (0.11)
	PMM

	PaO₂/FiO₂ ratio
	870
	389
	44.7
	184.58 (134.87)
	184.08 (133.57)
	PMM

	ALT (U/L)
	870
	219
	25.2
	213.15 (508.01)
	208.81 (516.05)
	PMM

	LDH (U/L)
	870
	503
	57.8
	711.81 (1324.30)
	686.92 (1169.67)
	PMM

	Creatinine (μmol/L)
	870
	68
	7.8
	1.83 (1.45)
	1.83 (1.44)
	PMM

	
	
	
	
	
	
	


Table S5. Sensitivity analysis: high-confidence assignment subgroup (APPA ≥ 0.80, n = 543) — 90-day mortality.
	Subgroup
	Variable
	HR (95%CI)
	P

	APPA>=0.80 (n=543)
	T2 vs T1
	3.05 (2.01-4.63)
	<0.001

	APPA>=0.80 (n=543)
	T3 vs T1
	1.27 (0.90-1.78)
	0.173

	APPA>=0.80 (n=543)
	T4 vs T1
	1.30 (0.91-1.85)
	0.149

	APPA>=0.80 (n=543)
	Age
	1.02 (1.01-1.03)
	<0.001

	APPA>=0.80 (n=543)
	Male
	0.93 (0.73-1.20)
	0.584

	APPA>=0.80 (n=543)
	COPD
	1.43 (1.07-1.91)
	0.017

	APPA>=0.80 (n=543)
	SOFA
	1.04 (1.00-1.09)
	0.061

	APPA>=0.80 (n=543)
	APS III
	1.01 (1.00-1.01)
	0.130

	
	
	
	


Table S6. Sensitivity analysis: subgroup analysis stratified by SOFA score tertile — 90-day mortality.
	Subgroup
	Comparison
	HR (95%CI)
	P

	SOFA ≥ median
	T2 vs T1
	2.99 (1.94–4.61)
	<0.001

	SOFA ≥ median
	T3 vs T1
	1.38 (0.97–1.96)
	0.075

	SOFA ≥ median
	T4 vs T1
	1.36 (0.93–1.99)
	0.117

	SOFA < median
	T2 vs T1
	3.55 (1.81–6.98)
	<0.001

	SOFA < median
	T3 vs T1
	0.92 (0.64–1.33)
	0.673

	SOFA < median
	T4 vs T1
	1.32 (0.84–2.07)
	0.225

	
	
	
	


Table S7. Missing data summary for the derivation cohort (MIMIC-IV, n = 870). 
	Variable
	N_total
	N_missing
	Missing (%)

	LDH
	902
	519
	57.5

	Oxygenation index
	902
	407
	45.1

	ALT
	902
	229
	25.4

	Creatinine
	902
	72
	8

	 Platelet
	902
	48
	5.3

	WBC
	902
	21
	2.3

	PH
	902
	1
	0.1

	Age
	902
	0
	0

	Gender
	902
	0
	0

	Hypertension
	902
	0
	0

	Diabetes
	902
	0
	0

	HF
	902
	0
	0

	COPD
	902
	0
	0

	Cerebrovascular
	902
	0
	0

	SOFA
	902
	0
	0

	APSIII
	902
	0
	0

	los_icu
	902
	0
	0

	los_hospital
	902
	0
	0

	Dead_28
	902
	0
	0

	Dead_60
	902
	0
	0

	Dead_90
	902
	0
	0

	
	
	
	


Table S8. Secondary clinical outcomes in the external validation cohort (SGH, n = 289).
	class
	n
	ICU LOS median [IQR] (days)
	P_icu
	Hospital LOS median [IQR] (days)
	P_hosp

	T1
	215
	17.0 [12.0–29.0]
	0.484
	22.0 [14.0–38.5]
	0.077

	T2
	10
	17.8 [12.0–24.2]
	0.484
	34.5 [22.8–48.8]
	0.077

	T3
	43
	21.0 [11.9–34.5]
	0.484
	34.0 [16.5–55.0]
	0.077

	T4
	21
	16.0 [9.2–18.5]
	0.484
	22.0 [15.0–44.0]
	0.077


Table S9. Model discrimination: Harrell’s C-index for multivariable Cox models.
	Timepoint
	Cohort
	C-index (95%CI)

	28-day
	Derivation (MIMIC-IV)
	0.675 (0.645–0.704)

	60-day
	Derivation (MIMIC-IV)
	0.670 (0.642–0.698)

	90-day
	Derivation (MIMIC-IV)
	0.666 (0.639–0.693)

	90-day
	Validation (SGH)
	0.673 (0.616–0.730)


Table S10. Baseline characteristics of the external validation cohort stratified by lactate trajectory phenotype (SGH, n = 289).
	Variables
	 
	Total(n=289)
	T1 (N=215)
	T2 (N=10)
	T3 (N=43)
	T4 (N=21)
	p

	Gender, n (%)
	Male
	208 (72.0%)
	154 (71.6%)
	7 (70.0%)
	32 (74.4%)
	15 (71.4%)
	0.983

	
	Female
	81 (28.0%)
	61 (28.4%)
	3 (30.0%)
	11 (25.6%)
	6 (28.6%)
	

	Age, year (mean [IQR])
	
	68.3 [61.0-78.0]
	69.8 [63.0-79.5]
	60.5 [50.8-73.0]
	65.0 [57.0-76.5]
	64.0 [57.0-74.0]
	0.052

	Hypertension, n (%)
	No
	148 (51.2%)
	100 (46.5%)
	7 (70.0%)
	26 (60.5%)
	15 (71.4%)
	0.037

	
	Yes
	141 (48.8%)
	115 (53.5%)
	3 (30.0%)
	17 (39.5%)
	6 (28.6%)
	

	Diabetes, n (%)
	No
	186 (64.4%)
	135 (62.8%)
	8 (80.0%)
	28 (65.1%)
	15 (71.4%)
	0.681

	
	Yes
	103 (35.6%)
	80 (37.2%)
	2 (20.0%)
	15 (34.9%)
	6 (28.6%)
	

	HF, n (%)
	No
	263 (91.0%)
	198 (92.1%)
	8 (80.0%)
	39 (90.7%)
	18 (85.7%)
	0.316

	
	Yes
	26 (9.0%)
	17 (7.9%)
	2 (20.0%)
	4 (9.3%)
	3 (14.3%)
	

	COPD, n (%)
	No
	262 (90.7%)
	190 (88.4%)
	10 (100.0%)
	42 (97.7%)
	20 (95.2%)
	0.208

	
	Yes
	27 (9.3%)
	25 (11.6%)
	0 (0.0%)
	1 (2.3%)
	1 (4.8%)
	

	Cerebrovascular, n (%)
	No
	228 (78.9%)
	169 (78.6%)
	8 (80.0%)
	33 (76.7%)
	18 (85.7%)
	0.927

	
	Yes
	61 (21.1%)
	46 (21.4%)
	2 (20.0%)
	10 (23.3%)
	3 (14.3%)
	

	WBC, ×10⁹/L, (mean (SD))
	
	12.6 (17.2)
	11.5 (6.8)
	39.0 (76.0)
	11.8 (8.3)
	11.2 (10.0)
	0.576

	Platelet, ×10⁹/L, (mean (SD))
	
	178.7 (101.4)
	181.5 (104.6)
	195.1 (97.3)
	161.9 (91.2)
	171.8 (93.0)
	0.730

	ALT, U/L (mean (SD))
	
	104.8 (524.2)
	54.3 (118.6)
	55.0 (76.4)
	330.6 (1260.3)
	177.6 (551.2)
	0.138

	AST, U/L (mean (SD))
	
	137.5 (569.1)
	79.7 (201.3)
	122.5 (234.9)
	356.2 (1258.8)
	278.6 (797.1)
	0.009

	LDH, U/L (mean (SD))
	
	456.9 (838.5)
	336.4 (350.9)
	471.0 (361.4)
	810.1 (1252.2)
	956.9 (2212.0)
	0.003

	Cr, μmol/L (mean (SD))
	
	151.0 (158.4)
	158.3 (178.0)
	126.6 (66.5)
	119.5 (75.5)
	153.4 (86.4)
	0.360

	Ca, μmol/L (mean (SD))
	
	1.9 (0.2)
	2.0 (0.2)
	1.8 (0.3)
	2.0 (0.3)
	1.8 (0.1)
	0.002

	Mechanical ventilation, n (%)
	No
	128 (44.3%)
	92 (42.8%)
	6 (60.0%)
	23 (53.5%)
	7 (33.3%)
	0.297

	
	Yes
	161 (55.7%)
	123 (57.2%)
	4 (40.0%)
	20 (46.5%)
	14 (66.7%)
	

	SOFA (median [IQR])
	
	3.0 [1.0-9.0]
	3.0 [0.5-9.0]
	4.5 [0.2-9.5]
	3.0 [1.0-8.5]
	7.0 [3.0-11.0]
	0.084

	28-day mortality, n (%)
	Alive
	242 (83.7%)
	180 (83.7%)
	7 (70.0%)
	38 (88.4%)
	17 (81.0%)
	0.488

	
	Dead
	47 (16.3%)
	35 (16.3%)
	3 (30.0%)
	5 (11.6%)
	4 (19.0%)
	

	60-day mortality, n (%)
	Alive
	216 (74.7%)
	164 (76.3%)
	6 (60.0%)
	32 (74.4%)
	14 (66.7%)
	0.457

	
	Dead
	73 (25.3%)
	51 (23.7%)
	4 (40.0%)
	11 (25.6%)
	7 (33.3%)
	

	90-day mortality, n (%)
	Alive
	209 (72.3%)
	160 (74.4%)
	5 (50.0%)
	30 (69.8%)
	14 (66.7%)
	0.329

	
	Dead
	80 (27.7%)
	55 (25.6%)
	5 (50.0%)
	13 (30.2%)
	7 (33.3%)
	

	
	
	
	
	
	
	
	




