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Supplementary Figure S1. Cohort-level data completeness and repeated-measure availability across the six ageing cohorts. A, Heatmap of cohort-specific missingness for key harmonized variables in the 5-year mortality modelling cohort. B, Distribution of the number of available follow-up waves by cohort. C, Proportion of participants with at least two ADL, IADL, and cognitive assessments by cohort.
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Supplementary Figure S2. Supplementary analyses of functional trajectory classes. A, Distribution of participants across the four functional trajectory classes. B, Cohort-specific 5-year mortality across functional trajectory classes. C, Odds ratios for 5-year mortality by functional trajectory class under unadjusted, demographic-adjusted, and mutual-domain-adjusted models.
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Supplementary Figure S3. Supplementary analyses of cognitive trajectory classes. A, Distribution of participants across the four cognitive trajectory classes. B, Mean annual cognitive z-score slope within each cognitive trajectory class. C, Odds ratios for 5-year mortality by cognitive trajectory class under unadjusted, demographic-adjusted, and mutual-domain-adjusted models.
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Supplementary Figure S4. Cohort-level calibration curves comparing the portable core model and enriched prototype model under leave-one-cohort-out validation. A, CHARLS. B, ELSA. C, HRS. D, KLoSA. E, MHAS. F, SHARE. Decile-level observed mortality is plotted against mean predicted risk within each held-out cohort. The diagonal line indicates ideal calibration.
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Supplementary Figure S5. Cohort-specific decision-curve analysis for trajectory-enhanced prediction. A, CHARLS. B, ELSA. C, HRS. D, KLoSA. E, MHAS. F, SHARE. Each panel compares the landmark current clinical model and the trajectory-enhanced model within a held-out cohort from the leave-one-cohort-out validation framework.
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Supplementary Figure S6. Cohort-specific contribution patterns for the portable core model. Cell values show gain-based feature contribution percentages for the leading portable-core predictors across held-out cohort training runs. Rows represent predictors and columns represent held-out cohort training runs; darker cells indicate lower contribution and brighter cells indicate higher contribution.
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Supplementary Table S1. Cohort construction, analytical sample sizes, and sample-flow clarification across six ageing cohorts.
Values are counts and percentages unless otherwise stated. The first table summarises cohort construction and the major analytical datasets; the second table clarifies the relationship among the key sample sizes used across the manuscript.
	Cohort
	Harmonized long-format records
	Unique participants
	Any death records, n
	Any death records, %
	Older adults aged ≥60 years at baseline, n
	5-year mortality modeling cohort, n
	5-year deaths, n
	5-year mortality, %
	Median follow-up, years
	Trajectory-eligible participants, n
	Trajectory-eligible participants, %

	Overall
	843416
	255124
	44867
	17.59
	186134
	107805
	17064
	15.83
	
	130318
	70

	MHAS
	76506
	26839
	5564
	20.73
	17031
	12632
	1617
	12.8
	6.08
	13784
	80.93

	CHARLS
	96628
	25873
	2841
	10.98
	15264
	10760
	1732
	16.1
	5.08
	12813
	83.94

	SHARE
	327266
	136843
	20489
	14.97
	102570
	46319
	8760
	18.91
	3.42
	60241
	58.73

	KLoSA
	44273
	9238
	1716
	18.58
	7876
	5972
	762
	12.76
	8
	6797
	86.3

	HRS
	208674
	36529
	13408
	36.71
	28678
	23100
	3752
	16.24
	8.5
	24624
	85.86

	ELSA
	90069
	19802
	849
	4.29
	14715
	9022
	441
	4.89
	6.25
	12059
	81.95

	Stage
	n
	Definition
	Relationship to analysis

	Harmonized long-format records
	843416
	All harmonized person-wave records before baseline-age restriction
	Source data for harmonization

	Unique participants
	255124
	Unique individuals identified across the six cohorts
	Initial participant-level pool

	Older adults aged ≥60 years at baseline
	186134
	Participants aged ≥60 years at first eligible baseline record
	Descriptive and repeated-measure availability population

	Trajectory-eligible longitudinal cohort
	130318
	≥2 age-eligible observations for ADL, IADL, or cognition
	Maximum longitudinal trajectory-eligible population

	Functional trajectory dataset
	75199
	Data structure sufficient for landmark functional trajectory estimation
	Functional trajectory derivation population

	Functional trajectory analytic sample
	74895
	Non-missing combined functional trajectory class assignment
	Figure 2/Table 2 analysis population

	Cognitive trajectory analytic sample
	62133
	Assigned cognitive trajectory class in harmonized landmark output
	Figure 3 analysis population

	Joint functional-cognitive phenotype sample
	62084
	Both functional and cognitive trajectory information available
	Figure 4/Table 3 analysis population

	5-year mortality modelling cohort
	107805
	Complete 5-year mortality labels among age-eligible participants
	Model development and validation population

	Internal model training partition
	64683
	60% stratified random partition
	Model fitting

	Internal calibration partition
	21561
	20% stratified random partition
	Isotonic probability calibration

	Independent internal test partition
	21561
	20% stratified random partition not used for fitting or calibration
	Figure 7/Supplementary Fig. S6 internal test population




Supplementary Table S2. Variable availability for portable-core variables and optional enriched-model variables by cohort.
	Variable
	Harmonized field
	Overall available n
	Overall missing %
	MHAS available n
	MHAS missing %
	CHARLS available n
	CHARLS missing %
	SHARE available n
	SHARE missing %
	KLoSA available n
	KLoSA missing %
	HRS available n
	HRS missing %
	ELSA available n
	ELSA missing %

	Age
	age
	107805
	0.000
	12632
	0.000
	10760
	0.000
	46319
	0.000
	5972
	0.000
	23100
	0.000
	9022
	0.000

	Sex Raw
	sex raw
	107805
	0.000
	12632
	0.000
	10760
	0.000
	46319
	0.000
	5972
	0.000
	23100
	0.000
	9022
	0.000

	Education Years
	education years
	90821
	15.80
	12569
	0.500
	0
	100.0
	46319
	0.000
	0
	100.0
	23064
	0.200
	8869
	1.700

	Education Level Raw
	education level raw
	106961
	0.800
	12569
	0.500
	10758
	0.000
	46319
	0.000
	5972
	0.000
	23097
	0.000
	8246
	8.600

	Marital Raw
	marital raw
	96709
	10.30
	12611
	0.200
	0
	100.0
	46004
	0.700
	5972
	0.000
	23100
	0.000
	9022
	0.000

	Residence Raw
	residence raw
	98639
	8.500
	12492
	1.100
	10760
	0.000
	46319
	0.000
	5972
	0.000
	23096
	0.000
	0
	100.0

	Self Rated Health Raw
	self rated health raw
	107225
	0.500
	12333
	2.400
	10657
	1.000
	46268
	0.100
	5972
	0.000
	23098
	0.000
	8897
	1.400

	Bmi
	bmi
	103895
	3.600
	11939
	5.500
	9626
	10.50
	45614
	1.500
	5905
	1.100
	23040
	0.300
	7771
	13.90

	Hypertension
	hypertension
	107675
	0.100
	12621
	0.100
	10690
	0.700
	46270
	0.100
	5972
	0.000
	23100
	0.000
	9022
	0.000

	Dyslipidemia
	dyslipidemia
	79217
	26.50
	0
	100.0
	10653
	1.000
	46268
	0.100
	0
	100.0
	13452
	41.80
	8844
	2.000

	Diabetes
	diabetes
	107663
	0.100
	12623
	0.100
	10677
	0.800
	46269
	0.100
	5972
	0.000
	23100
	0.000
	9022
	0.000

	Cancer
	cancer
	107664
	0.100
	12624
	0.100
	10679
	0.800
	46268
	0.100
	5972
	0.000
	23100
	0.000
	9021
	0.000

	Lung Disease
	lung disease
	95046
	11.80
	0
	100.0
	10685
	0.700
	46268
	0.100
	5972
	0.000
	23100
	0.000
	9021
	0.000

	Heart Disease
	heart disease
	107666
	0.100
	12622
	0.100
	10682
	0.700
	46268
	0.100
	5972
	0.000
	23100
	0.000
	9022
	0.000

	Stroke
	stroke
	107593
	0.200
	12625
	0.100
	10606
	1.400
	46268
	0.100
	5972
	0.000
	23100
	0.000
	9022
	0.000

	Arthritis
	arthritis
	107674
	0.100
	12623
	0.100
	10688
	0.700
	46270
	0.100
	5972
	0.000
	23100
	0.000
	9021
	0.000

	Psychiatric Problem
	psychiatric problem
	93425
	13.30
	0
	100.0
	10681
	0.700
	44651
	3.600
	5972
	0.000
	23100
	0.000
	9021
	0.000

	Dementia Alzheimer
	dementia alzheimer
	32163
	70.20
	0
	100.0
	0
	100.0
	0
	100.0
	3440
	42.40
	19702
	14.70
	9021
	0.000

	Chronic Count
	chronic count
	107693
	0.100
	12625
	0.100
	10700
	0.600
	46274
	0.100
	5972
	0.000
	23100
	0.000
	9022
	0.000

	Adl Score
	adl score
	107716
	0.100
	12631
	0.000
	10742
	0.200
	46270
	0.100
	5972
	0.000
	23092
	0.000
	9009
	0.100

	Iadl Score
	iadl score
	107422
	0.400
	12336
	2.300
	10744
	0.100
	46270
	0.100
	5972
	0.000
	23091
	0.000
	9009
	0.100

	Cognition Score Raw
	cognition score raw
	101207
	6.100
	8101
	35.90
	10360
	3.700
	46086
	0.500
	5850
	2.000
	21820
	5.500
	8990
	0.400

	Memory Immediate
	memory immediate
	92196
	14.50
	0
	100.0
	10126
	5.900
	45511
	1.700
	5850
	2.000
	21820
	5.500
	8889
	1.500

	Memory Delayed
	memory delayed
	92132
	14.50
	0
	100.0
	10095
	6.200
	45474
	1.800
	5850
	2.000
	21820
	5.500
	8893
	1.400

	Depression Score
	depression score
	59385
	44.90
	12323
	2.400
	10402
	3.300
	0
	100.0
	5965
	0.100
	21808
	5.600
	8887
	1.500

	Smoke Ever
	smoke ever
	107184
	0.600
	12631
	0.000
	10745
	0.100
	45943
	0.800
	5972
	0.000
	22927
	0.700
	8966
	0.600

	Smoke Current
	smoke current
	107390
	0.400
	12631
	0.000
	10684
	0.700
	46030
	0.600
	5972
	0.000
	23067
	0.100
	9006
	0.200

	Drink Current
	drink current
	107504
	0.300
	12632
	0.000
	10745
	0.100
	46203
	0.300
	5972
	0.000
	23099
	0.000
	8853
	1.900

	Hospital Any
	hospital any
	98671
	8.500
	12627
	0.000
	10746
	0.100
	46244
	0.200
	5969
	0.100
	23085
	0.100
	0
	100.0

	Doctor Any
	doctor any
	98489
	8.600
	12622
	0.100
	10746
	0.100
	46062
	0.600
	5967
	0.100
	23092
	0.000
	0
	100.0

	Cognition Z By Cohort Wave
	cognition z by cohort wave
	101207
	6.100
	8101
	35.90
	10360
	3.700
	46086
	0.500
	5850
	2.000
	21820
	5.500
	8990
	0.400

	Adl Z By Cohort Wave
	adl z by cohort wave
	107716
	0.100
	12631
	0.000
	10742
	0.200
	46270
	0.100
	5972
	0.000
	23092
	0.000
	9009
	0.100

	Iadl Z By Cohort Wave
	iadl z by cohort wave
	107422
	0.400
	12336
	2.300
	10744
	0.100
	46270
	0.100
	5972
	0.000
	23091
	0.000
	9009
	0.100

	Depression Z By Cohort Wave
	depression z by cohort wave
	59385
	44.90
	12323
	2.400
	10402
	3.300
	0
	100.0
	5965
	0.100
	21808
	5.600
	8887
	1.500

	Physical Activity Raw
	physical activity raw
	66646
	38.20
	0
	100.0
	0
	100.0
	46204
	0.200
	0
	100.0
	20442
	11.50
	0
	100.0

	Frailty Index
	frailty index
	82492
	23.50
	0
	100.0
	10742
	0.200
	42012
	9.300
	0
	100.0
	23100
	0.000
	6638
	26.40

	Grip Sum
	grip sum
	23042
	78.60
	0
	100.0
	9644
	10.40
	0
	100.0
	5531
	7.400
	0
	100.0
	7867
	12.80

	Walk Speed
	walk speed
	37297
	65.40
	1058
	91.60
	9338
	13.20
	4465
	90.40
	0
	100.0
	13739
	40.50
	8697
	3.600

	Systolic Bp
	systolic bp
	34338
	68.10
	1078
	91.50
	9716
	9.700
	0
	100.0
	0
	100.0
	15641
	32.30
	7903
	12.40

	Diastolic Bp
	diastolic bp
	34331
	68.20
	1078
	91.50
	9716
	9.700
	0
	100.0
	0
	100.0
	15634
	32.30
	7903
	12.40

	Pulse
	pulse
	34338
	68.10
	1078
	91.50
	9713
	9.700
	0
	100.0
	0
	100.0
	15642
	32.30
	7905
	12.40

	Proxy Raw
	proxy raw
	35732
	66.90
	12632
	0.000
	0
	100.0
	0
	100.0
	0
	100.0
	23100
	0.000
	0
	100.0


Available n and missing percentages were calculated within the 5-year mortality modelling cohort. This table is intended to clarify why the portable core model was selected as the primary cross-cohort model and why the enriched prototype was retained only as a secondary exploratory specification.
Supplementary Table S3. Follow-up wave distribution and repeated-measure availability by cohort.
Wave categories were calculated among participants aged 60 years or older at baseline. Repeated-measure availability refers to the proportion with at least two observations for the specified longitudinal domain.
	Cohort
	1 wave, n (%)
	2 waves, n (%)
	3 waves, n (%)
	≥4 waves, n (%)
	ADL ≥2 measurements, n (%)
	IADL ≥2 measurements, n (%)
	Cognition ≥2 measurements, n (%)
	Trajectory-eligible participants, n (%)

	Overall
	55,544 (29.8)
	37,771 (20.3)
	31,321 (16.8)
	61,498 (33.0)
	130,266 (70.0)
	129,288 (69.5)
	118,950 (63.9)
	130,318 (70.0)

	MHAS
	3,226 (18.9)
	4,806 (28.2)
	4,938 (29.0)
	4,061 (23.8)
	13,781 (80.9)
	12,801 (75.2)
	7,310 (42.9)
	13,784 (80.9)

	CHARLS
	2,387 (15.6)
	3,120 (20.4)
	2,911 (19.1)
	6,846 (44.9)
	12,807 (83.9)
	12,810 (83.9)
	11,840 (77.6)
	12,813 (83.9)

	SHARE
	42,172 (41.1)
	23,311 (22.7)
	17,378 (16.9)
	19,709 (19.2)
	60,211 (58.7)
	60,211 (58.7)
	58,913 (57.4)
	60,241 (58.7)

	KLoSA
	1,079 (13.7)
	986 (12.5)
	905 (11.5)
	4,906 (62.3)
	6,797 (86.3)
	6,797 (86.3)
	5,928 (75.3)
	6,797 (86.3)

	HRS
	4,050 (14.1)
	3,413 (11.9)
	3,323 (11.6)
	17,892 (62.4)
	24,613 (85.8)
	24,612 (85.8)
	23,025 (80.3)
	24,624 (85.9)

	ELSA
	2,630 (17.9)
	2,135 (14.5)
	1,866 (12.7)
	8,084 (54.9)
	12,057 (81.9)
	12,057 (81.9)
	11,934 (81.1)
	12,059 (82.0)






Supplementary Table S4. Functional trajectory profiles and class-specific mortality.
Values are class-level counts, percentages, mean trajectory summaries, and observed 5-year mortality percentages.
	Class
	Trajectory label
	n
	% of trajectory sample
	ADL baseline, mean (SD)
	ADL landmark, mean (SD)
	ADL annual slope, mean (SD)
	IADL baseline, mean (SD)
	IADL landmark, mean (SD)
	IADL annual slope, mean (SD)
	5-year deaths, n
	5-year mortality, %
	MHAS mortality, %
	CHARLS mortality, %
	SHARE mortality, %
	KLoSA mortality, %
	HRS mortality, %
	ELSA mortality, %

	Class 1
	Class 1: stable low impairment
	48,366
	64.6
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	5,279
	10.9
	13.2
	10.4
	13.4
	9.5
	10.2
	2.9

	Class 2
	Class 2: mild gradual decline
	12,201
	16.3
	0.27 (0.51)
	0.31 (0.52)
	0.02 (0.36)
	0.35 (0.56)
	0.41 (0.56)
	0.03 (0.41)
	2,335
	19.1
	22.1
	13.3
	23.1
	15.4
	20.6
	8.2

	Class 3
	Class 3: moderate impairment
	8,458
	11.3
	0.84 (1.05)
	1.05 (1.10)
	0.09 (0.71)
	1.00 (1.12)
	1.46 (1.27)
	0.19 (0.82)
	2,651
	31.3
	35.6
	21.0
	39.2
	27.5
	33.3
	12.0

	Class 4
	Class 4: rapid functional deterioration
	5,870
	7.8
	2.37 (2.09)
	3.42 (2.02)
	0.41 (1.30)
	2.88 (2.32)
	4.19 (2.36)
	0.49 (1.41)
	3,334
	56.8
	59.4
	42.4
	66.3
	51.5
	59.2
	20.7





Supplementary Table S5. Joint ADL/IADL trajectory distribution.
Values are n (%) based on the cross-classification of ADL and IADL trajectory classes. Percentages are calculated within the functional trajectory sample.
	ADL trajectory class
	IADL Class 1
	IADL Class 2
	IADL Class 3
	IADL Class 4
	Row total

	ADL Class 1
	57,039 (77.3)
	1,676 (2.3)
	1,797 (2.4)
	219 (0.3)
	60,731 (82.3)

	ADL Class 2
	4,263 (5.8)
	1,593 (2.2)
	593 (0.8)
	327 (0.4)
	6,776 (9.2)

	ADL Class 3
	1,422 (1.9)
	329 (0.4)
	1,435 (1.9)
	513 (0.7)
	3,699 (5.0)

	ADL Class 4
	318 (0.4)
	1,186 (1.6)
	239 (0.3)
	859 (1.2)
	2,602 (3.5)

	Column total
	63,042 (85.4)
	4,784 (6.5)
	4,064 (5.5)
	1,918 (2.6)
	73,808 (100.0)



Supplementary Table S6. Extended baseline characteristics not shown in main-text Table 2.
Values are mean (standard deviation) for continuous variables and n (%) for categorical variables.
	Variable
	Class 1
	Class 2
	Class 3
	Class 4

	Self-rated health
	3.12 (1.04)
	2.73 (1.06)
	2.36 (1.14)
	1.92 (1.15)

	Body mass index
	26.33 (4.68)
	26.98 (6.10)
	27.20 (6.45)
	26.22 (7.27)

	Cancer
	4,007 (8.3)
	1,191 (9.8)
	967 (11.5)
	652 (11.2)

	Lung disease
	2,883 (6.7)
	1,393 (12.6)
	1,332 (17.2)
	1,043 (19.3)

	Arthritis
	16,952 (35.1)
	6,423 (52.9)
	5,232 (62.1)
	3,467 (59.3)

	Ever smoking
	23,877 (49.7)
	5,976 (49.3)
	3,971 (47.2)
	2,419 (41.6)

	Current smoking
	6,603 (14.2)
	1,570 (13.7)
	1,058 (13.5)
	515 (9.9)

	Current drinking
	23,458 (49.0)
	4,776 (39.7)
	2,565 (31.0)
	933 (16.5)






Supplementary Table S7. Cognitive trajectory profiles and class-specific mortality.
Values are n, percentages, mean values, annual slopes, and observed 5-year mortality percentages. The class with apparent improvement should be interpreted conservatively as a relative maintenance/recovery pattern rather than as a causal gain in cognitive capacity.
	Class
	Original trajectory class
	Trajectory label
	n
	% of cognitive trajectory sample
	Estimated baseline cognition z
	Landmark cognition z
	Annual cognition slope
	Mean age, years
	Functional impairment at landmark
	Functional slope
	5-year deaths, n
	5-year mortality, %
	MHAS mortality, %
	CHARLS mortality, %
	SHARE mortality, %
	KLoSA mortality, %
	HRS mortality, %
	ELSA mortality, %

	Class 1
	0
	Preserved high cognition
	34200
	55
	0.462
	0.344
	-0.059
	69.05
	0.204
	0.016
	3594
	10.5
	NA
	10.7
	12.8
	7.7
	11.1
	3.2

	Class 2
	2
	Apparent cognitive improvement
	7128
	11.5
	-0.609
	0.498
	0.553
	69.23
	0.326
	0.002
	924
	13
	NA
	11.5
	17.5
	13.9
	12.1
	4.9

	Class 3
	1
	Persistently low cognition
	14322
	23.1
	-0.972
	-1.126
	-0.077
	73.8
	0.659
	0.058
	3565
	24.9
	NA
	16
	30.1
	20.1
	22.7
	12.2

	Class 4
	3
	Low and declining cognition
	6483
	10.4
	-0.237
	-1.659
	-0.711
	73.78
	1.082
	0.183
	2020
	31.2
	NA
	20.8
	39.6
	32.9
	27
	10.3













Supplementary Table S8. Associations of functional and cognitive trajectory classes with 5-year mortality.
Odds ratios were estimated using logistic regression with Class 1 as the reference group within each trajectory domain.
	Domain
	Class
	Trajectory label
	n
	Deaths
	5-year mortality, %
	Unadjusted OR (95% CI)
	Unadjusted P
	Demographic-adjusted OR (95% CI)
	Demographic-adjusted P
	Chronic-disease-adjusted OR (95% CI)
	Chronic-disease-adjusted P
	Lifestyle/healthcare-adjusted OR (95% CI)
	Lifestyle/healthcare-adjusted P
	Mutual domain-adjusted OR (95% CI)
	Mutual domain-adjusted P

	Functional trajectory
	Class 1
	Class 1: stable low impairment
	40866
	4295
	10.5
	1.00 (reference)
	
	1.00 (reference)
	
	1.00 (reference)
	
	1.00 (reference)
	
	1.00 (reference)
	

	Functional trajectory
	Class 2
	Class 2: mild gradual decline
	10499
	1940
	18.5
	1.93 (1.82-2.05)
	<0.001
	1.66 (1.56-1.77)
	<0.001
	1.47 (1.38-1.56)
	<0.001
	1.39 (1.29-1.50)
	<0.001
	1.41 (1.32-1.51)
	<0.001

	Functional trajectory
	Class 3
	Class 3: moderate impairment
	6970
	2036
	29.2
	3.51 (3.31-3.73)
	<0.001
	2.71 (2.54-2.90)
	<0.001
	2.19 (2.04-2.34)
	<0.001
	2.06 (1.91-2.23)
	<0.001
	2.02 (1.88-2.17)
	<0.001

	Functional trajectory
	Class 4
	Class 4: rapid functional deterioration
	3749
	1819
	48.5
	8.03 (7.47-8.62)
	<0.001
	5.51 (5.08-5.97)
	<0.001
	4.15 (3.81-4.51)
	<0.001
	3.82 (3.48-4.20)
	<0.001
	3.50 (3.21-3.82)
	<0.001

	Cognitive trajectory
	Class 1
	Class 1: preserved high cognition
	34185
	3592
	10.5
	1.00 (reference)
	
	1.00 (reference)
	
	1.00 (reference)
	
	1.00 (reference)
	
	1.00 (reference)
	

	Cognitive trajectory
	Class 2
	Class 2: apparent cognitive improvement
	7120
	923
	13
	1.27 (1.17-1.37)
	<0.001
	1.31 (1.20-1.42)
	<0.001
	1.28 (1.18-1.39)
	<0.001
	1.24 (1.13-1.37)
	<0.001
	1.19 (1.10-1.30)
	<0.001

	Cognitive trajectory
	Class 3
	Class 3: persistently low cognition
	14308
	3561
	24.9
	2.82 (2.68-2.97)
	<0.001
	1.79 (1.69-1.89)
	<0.001
	1.64 (1.55-1.73)
	<0.001
	1.61 (1.51-1.71)
	<0.001
	1.43 (1.35-1.51)
	<0.001

	Cognitive trajectory
	Class 4
	Class 4: low and declining cognition
	6471
	2014
	31.1
	3.85 (3.61-4.10)
	<0.001
	2.61 (2.43-2.79)
	<0.001
	2.38 (2.22-2.55)
	<0.001
	2.31 (2.14-2.50)
	<0.001
	1.91 (1.78-2.06)
	<0.001







Supplementary Table S9. Joint functional-cognitive phenotypes and mortality risk.
Joint phenotypes were derived by combining functional and cognitive trajectory information into four clinically interpretable categories. Odds ratios use the dual stable phenotype as the reference group.
	Joint phenotype
	n (%)
	Deaths, n
	5-year mortality, %
	Unadjusted OR (95% CI)
	Chronic-disease-adjusted OR (95% CI)
	Lifestyle/healthcare-adjusted OR (95% CI)

	Dual stable
	30,513 (49.1)
	2,538
	8.3
	1.00 (reference)
	1.00 (reference)
	1.00 (reference)

	Functional decline dominant
	10,792 (17.4)
	1,977
	18.3
	2.47 (2.32-2.63)
	1.82 (1.70-1.95)
	1.74 (1.61-1.89)

	Cognitive decline dominant
	10,353 (16.7)
	1,757
	17.0
	2.25 (2.11-2.41)
	1.55 (1.45-1.67)
	1.57 (1.45-1.69)

	Dual deterioration
	10,426 (16.8)
	3,818
	36.6
	6.37 (6.02-6.74)
	3.03 (2.83-3.24)
	2.84 (2.63-3.06)














Supplementary Table S10. Internal validation of candidate algorithms for the portable core model and the enriched prototype model.
	Feature set
	Model
	n
	Events
	AUROC
	AUPRC
	Brier
	Calibration intercept
	Calibration slope
	Sensitivity at 20%
	Specificity at 20%
	n features
	Remarks

	Portable core model
	LightGBM
	21,561
	3,413
	0.832
	0.537
	0.099
	-0.051
	0.981
	68.3% deaths captured
	73.9% not flagged
	18
	Primary model used for all downstream analyses

	Enriched prototype model
	LightGBM
	21561
	3413
	0.911
	0.692
	0.078
	-0.038
	0.967
	0.838
	0.820
	42
	Secondary exploratory specification

	Enriched prototype model
	XGBoost
	21561
	3413
	0.910
	0.688
	0.078
	-0.043
	0.960
	0.838
	0.815
	42
	Secondary exploratory specification

	Enriched prototype model
	Random forest
	21561
	3413
	0.868
	0.571
	0.094
	-0.066
	0.953
	0.804
	0.762
	42
	Secondary exploratory specification

	Enriched prototype model
	Logistic regression
	21561
	3413
	0.819
	0.508
	0.102
	-0.102
	0.932
	0.691
	0.796
	42
	Secondary exploratory specification


Internal validation used the same 60/20/20 split described in the main text. The portable core model is the primary model; the enriched prototype is shown to document the trade-off between stronger internal discrimination and weaker external transportability.



Supplementary Table S11. Leave-one-cohort-out external validation, calibration, and decision-curve analysis for the portable core model and the enriched prototype model.
	Held-out cohort
	Model
	n
	Events
	Event rate, %
	Mean predicted risk, %
	AUROC
	AUPRC
	Brier
	Calibration slope

	CHARLS
	Portable core model
	10760
	1732
	16.1
	15.1
	0.792
	0.497
	0.107
	0.891

	CHARLS
	Enriched prototype model
	10760
	1732
	16.1
	5.5
	0.745
	0.399
	0.136
	0.307

	ELSA
	Portable core model
	9022
	441
	4.9
	13.2
	0.863
	0.368
	0.048
	1.219

	ELSA
	Enriched prototype model
	9022
	441
	4.9
	10.3
	0.894
	0.383
	0.046
	0.886

	HRS
	Portable core model
	23100
	3752
	16.2
	14.1
	0.839
	0.548
	0.100
	1.020

	HRS
	Enriched prototype model
	23100
	3752
	16.2
	9.2
	0.867
	0.598
	0.102
	0.852

	KLoSA
	Portable core model
	5972
	762
	12.8
	19.1
	0.831
	0.487
	0.092
	0.888

	KLoSA
	Enriched prototype model
	5972
	762
	12.8
	34.2
	0.824
	0.472
	0.141
	1.116

	MHAS
	Portable core model
	12632
	1617
	12.8
	15.9
	0.835
	0.431
	0.093
	0.869

	MHAS
	Enriched prototype model
	12632
	1617
	12.8
	87.5
	0.763
	0.327
	0.662
	0.234

	SHARE
	Portable core model
	46319
	8760
	18.9
	13.6
	0.809
	0.533
	0.122
	0.927

	SHARE
	Enriched prototype model
	46319
	8760
	18.9
	18.9
	0.790
	0.506
	0.122
	0.809

	Held-out cohort
	Model
	Net benefit at 10%
	Flagged at 10%
	Deaths captured at 10%
	Net benefit at 20%
	Flagged at 20%
	Deaths captured at 20%
	Net benefit at 30%
	Flagged at 30%
	Deaths captured at 30%

	CHARLS
	Portable core model
	0.092
	39.7%
	76.1%
	0.061
	25.8%
	62.4%
	0.041
	12.9%
	41.6%

	CHARLS
	Enriched prototype model
	0.039
	12.3%
	29.3%
	0.027
	9.7%
	25.5%
	0.018
	7.2%
	21.2%

	ELSA
	Portable core model
	0.006
	37.2%
	87.8%
	-0.007
	21.4%
	76.2%
	-0.006
	10.9%
	58.5%

	ELSA
	Enriched prototype model
	0.018
	24.7%
	84.4%
	0.006
	14.8%
	71.0%
	-0.006
	11.9%
	64.4%

	HRS
	Portable core model
	0.102
	36.6%
	79.1%
	0.073
	22.2%
	63.4%
	0.052
	12.4%
	45.3%

	HRS
	Enriched prototype model
	0.097
	21.9%
	67.5%
	0.074
	14.8%
	54.5%
	0.053
	9.4%
	40.5%

	KLoSA
	Portable core model
	0.068
	53.7%
	89.9%
	0.043
	32.2%
	77.6%
	0.030
	18.4%
	59.7%

	KLoSA
	Enriched prototype model
	0.038
	92.7%
	99.2%
	-0.017
	66.3%
	93.2%
	-0.033
	43.7%
	84.6%

	MHAS
	Portable core model
	0.079
	43.3%
	89.4%
	0.044
	26.2%
	68.3%
	0.022
	15.5%
	48.5%

	MHAS
	Enriched prototype model
	0.031
	100.0%
	100.0%
	-0.090
	100.0%
	100.0%
	-0.246
	100.0%
	100.0%

	SHARE
	Portable core model
	0.118
	40.4%
	77.6%
	0.080
	22.3%
	57.5%
	0.055
	12.9%
	40.8%

	SHARE
	Enriched prototype model
	0.118
	53.2%
	84.0%
	0.081
	26.4%
	62.1%
	0.057
	20.6%
	53.9%


Each row represents one held-out cohort. Positive net benefit indicates clinical utility relative to a treat-none strategy at the given threshold. This table also documents the marked instability of the enriched prototype in some external settings, especially MHAS.




Supplementary Table S12. Trajectory-model increment, portable-core risk stratification, threshold yield, and enriched-prototype sensitivity summary.
	Analysis domain
	Comparison / subgroup
	n
	Events
	Metric 1
	Value 1
	Metric 2
	Value 2
	Metric 3
	Value 3
	Interpretation

	Trajectory increment
	Baseline vs trajectory-enhanced model
	-
	-
	AUROC
	0.800 vs 0.803
	AUPRC
	0.535 vs 0.539
	Brier
	0.1151 vs 0.1146
	Modest global gain

	Trajectory increment
	Reclassification
	-
	-
	Categorical NRI
	0.047
	Event NRI
	-0.053
	Non-event NRI
	0.100
	Gain driven mainly by non-events

	Trajectory increment
	Integrated discrimination
	-
	-
	IDI
	-0.0012
	Net benefit at 10%
	0.1128 vs 0.1131
	Net benefit at 20%
	0.0783 vs 0.0787
	No material clinical separation

	Portable core risk strata
	<5%
	6856
	192
	Observed mortality
	2.8%
	Mean predicted risk
	2.5%
	Participants
	31.8%
	Monotonic internal risk gradient

	Portable core risk strata
	5-<10%
	4830
	292
	Observed mortality
	6.0%
	Mean predicted risk
	6.7%
	Participants
	22.4%
	Monotonic internal risk gradient

	Portable core risk strata
	10-<20%
	4254
	598
	Observed mortality
	14.1%
	Mean predicted risk
	14.4%
	Participants
	19.7%
	Monotonic internal risk gradient

	Portable core risk strata
	20-<30%
	2194
	535
	Observed mortality
	24.4%
	Mean predicted risk
	24.7%
	Participants
	10.2%
	Monotonic internal risk gradient

	Portable core risk strata
	≥30%
	3427
	1796
	Observed mortality
	52.4%
	Mean predicted risk
	53.2%
	Participants
	15.9%
	Monotonic internal risk gradient

	Portable core threshold yield
	Threshold 5%
	14705
	3221
	Participants flagged
	68.2%
	Deaths captured
	94.4%
	Net benefit
	0.121
	Operational trade-off across cut points

	Portable core threshold yield
	Threshold 10%
	9875
	2929
	Participants flagged
	45.8%
	Deaths captured
	85.8%
	Net benefit
	0.100
	Operational trade-off across cut points

	Portable core threshold yield
	Threshold 20%
	5621
	2331
	Participants flagged
	26.1%
	Deaths captured
	68.3%
	Net benefit
	0.070
	Operational trade-off across cut points

	Portable core threshold yield
	Threshold 30%
	3427
	1796
	Participants flagged
	15.9%
	Deaths captured
	52.6%
	Net benefit
	0.051
	Operational trade-off across cut points

	External sensitivity summary
	Portable core model
	107805
	17064
	Mean AUROC
	0.828
	Mean Brier
	0.094
	Mean calibration slope
	0.969
	External stability

	External sensitivity summary
	Enriched prototype model
	107805
	17064
	Mean AUROC
	0.814
	Mean Brier
	0.202
	Mean calibration slope
	0.701
	Higher apparent fit but weaker transportability


This consolidated table combines the key downstream analyses used in the Results section. Risk categories are unified as <5%, 5-<10%, 10-<20%, 20-<30%, and ≥30% throughout the manuscript.
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