Additional files 
Additional files 1: Comorbidity indices
	[bookmark: _Hlk175649313]Comorbidity indices
	Comorbidities
	Weights

	CCI
	Congestive heart failure; Myocardial infraction; Peripheral vascular diseases; Cerebrovascular diseases; Uncomplicated diabetes; Renal diseases; Chronic obstructive pulmonary diseases; Mild liver diseases
Connective tissue diseases; Ulcer gastric
	1

	
	Complicated diabetes; Hemiplegia; Non metastatic cancer
	2

	
	Moderate to severe liver diseases
	3

	
	Metastatic solid tumor; Acquired immune deficiency syndrome
	6

	MWI
	Congestive heart failure
Arrhythmia
Valvular diseases
Angina
Myocardial infraction
Hypertension
Peripheral vascular diseases
Anemia
Diabetes
Hypercholesterolemia
Stroke
Transient ischemic attack
Depression
Renal diseases
Chronic obstructive pulmonary diseases
Asthma
Total cancer
Liver diseases
Osteoarthritis
Arthritis
Hip replacement
Knee replacement
Herniated disc
Acquired immune deficiency syndrome
Ulcer gastric
Glaucoma
Cataract 
	4.77
1.33
0.416
2.2
1.73
1.53
3.25
1.82
2.67
0.343
3.79
1.24
1.29
3.98
4.32
1.62
1.61
0.293
3.52
3.79
3.55
9.11
3.27
2.91
1.08
0.427
0.288

	HRQOL-CI
	Anxiety, depression; Vision disorders; Thyroid disorders; Esophageal disorders; Arrhythmia; Asthma; Hypertension; Gastric ulcer
	1

	
	Chronic obstructive pulmonary diseases; Spinal cord disorders; Peripheral vascular disorders; Diabetes; Hepatitis; Osteoarthritis; Ischemic heart diseases; Systemic lupus erythematosus
	2

	
	Congestive heart failure; Arthritis, Paralysis/ Hemiplegia
	3

	CCI: Charlson comorbidity index; MWI: Multimorbidity-weighted index; HRQOL-CI: Health related quality of life comorbidity index


 

Additional file 2: Estimated PAF with 95%CI for CCI, MWI and HRQOL-CI
	Time
	CCI
	95%CI
	MWI
	95%CI
	HRQOL-CI
	95%CI

	6
	NaN
	NaN
	NaN
	  NaN  
	     NaN
	NaN
	    NaN
	       NaN
	NaN

	7
	NaN
	NaN
	NaN
	  NaN  
	     NaN
	NaN
	    NaN
	       NaN
	NaN

	8
	NaN
	NaN
	NaN
	  NaN  
	     NaN
	NaN
	    NaN
	       NaN
	NaN

	9
	NaN
	NaN
	NaN
	  NaN  
	     NaN
	NaN
	    NaN
	       NaN
	NaN

	10
	NaN
	NaN
	NaN
	  NaN  
	     NaN
	NaN
	    NaN
	       NaN
	NaN

	11
	0.1740
	0.0337
	0.5
	0.453  
	  0.342
	0.96
	 0.3110
	    0.27
	0.695

	12
	0.1730
	0.0336
	0.496
	0.451  
	 0.341
	0.955
	 0.3090
	   0.268
	0.691

	13
	0.1720
	0.0328
	0.494
	0.449  
	 0.339
	0.952
	 0.3080
	   0.266
	0.687

	14
	0.1710
	0.0331
	0.491
	0.447  
	  0.339
	0.95
	 0.3060
	   0.266
	0.684

	15
	0.1690
	0.0332
	0.487
	0.445  
	 0.337
	0.945
	 0.3040
	    0.264
	0.68

	16
	0.1670
	0.032
	0.483
	0.442  
	  0.335
	0.94
	 0.3020
	   0.261
	0.675

	17
	0.1670
	0.0329
	0.481
	0.441  
	 0.336
	0.938
	 0.3010
	   0.261
	0.672

	18
	0.1660
	0.0325
	0.479
	0.440  
	 0.335
	0.934
	 0.2990
	    0.26
	0.669

	19
	0.1630
	0.0289
	0.472
	0.435  
	 0.328
	0.925
	 0.2940
	   0.254
	0.659

	20
	0.1620
	0.0279
	0.469
	0.433  
	 0.326
	0.922
	 0.2930
	   0.251
	0.656

	21
	0.1600
	0.0281
	0.466
	0.431  
	 0.324
	0.918
	 0.2910
	    0.25
	0.652

	22
	0.1580
	0.0271
	0.461
	0.428  
	 0.322
	0.912
	 0.2880
	   0.246
	0.645

	23
	0.1560
	0.0248
	0.456
	0.424  
	 0.318
	0.905
	 0.2840
	   0.242
	0.639

	24
	0.1540
	0.024
	0.45
	0.421  
	 0.315
	0.897
	 0.2810
	   0.239
	0.631

	25
	0.1500
	0.02
	0.442
	0.415  
	 0.307
	0.886
	 0.2760
	    0.231
	0.62

	26
	0.1480
	0.0192
	0.438
	0.412  
	  0.304
	0.88
	 0.2730
	   0.229
	0.613

	27
	0.1460
	0.0169
	0.431
	0.407  
	  0.299
	0.87
	 0.2680
	   0.223
	0.605

	28
	0.1430
	0.0171
	0.425
	0.403  
	 0.296
	0.863
	 0.2650
	   0.219
	0.597

	29
	0.1420
	0.0158
	0.422
	0.401  
	 0.293
	0.858
	 0.2630
	   0.217
	0.593

	30
	0.1410
	0.0137
	0.419
	0.399  
	  0.29
	0.854
	 0.2610
	   0.214
	0.589

	31
	0.1390
	0.0118
	0.414
	0.395  
	 0.286
	0.847
	 0.2580
	    0.21
	0.582

	32
	0.1390
	0.0153
	0.413
	0.395  
	 0.289
	0.847
	 0.2580
	   0.215
	0.581

	33
	0.1370
	0.0146
	0.409
	0.392  
	 0.288
	0.842
	 0.2550
	   0.212
	0.576

	34
	0.1350
	0.0133
	0.403
	0.388  
	 0.283
	0.833
	 0.2510
	   0.208
	0.567

	35
	0.1320
	0.0131
	0.396
	0.383  
	 0.279
	0.823
	 0.2470
	   0.203
	0.559

	36
	0.1290
	0.0115
	0.388
	0.378  
	 0.273
	0.813
	 0.2420
	   0.197
	0.549

	37
	0.1250
	0.00906
	0.378
	0.370  
	 0.262
	0.797
	 0.2350
	   0.188
	0.534

	38
	0.1220
	0.0084
	0.372
	0.365  
	 0.258
	0.788
	 0.2310
	   0.185
	0.525

	39
	0.1200
	0.00592
	0.365
	0.360  
	 0.252
	0.778
	 0.2270
	   0.179
	0.516

	40
	0.1180
	0.00486
	0.362
	0.358  
	 0.249
	0.772
	 0.2250
	   0.177
	0.512

	41
	0.1180
	0.00879
	0.361
	0.358  
	 0.253
	0.773
	 0.2250
	    0.18
	0.511

	42
	0.1150
	0.00599
	0.353
	0.351  
	  0.245
	0.76
	 0.2190
	     0.172
	0.5

	43
	0.1150
	0.00599
	0.353
	0.351  
	  0.245
	0.76
	 0.2190
	     0.172
	0.5

	44
	0.1130
	0.00347
	0.349
	0.348  
	 0.238
	0.753
	 0.2160
	   0.167
	0.494

	45
	0.1130
	0.0048
	0.349
	0.348  
	 0.239
	0.754
	 0.2160
	   0.167
	0.494

	46
	0.1100
	0.00228
	0.339
	0.340  
	 0.231
	0.738
	 0.2100
	     0.16
	0.48

	47
	0.1080
	0.000567
	0.335
	0.336  
	 0.226
	0.728
	 0.2060
	   0.155
	0.472

	48
	0.1050
	0.000484
	0.328
	0.331  
	  0.222
	0.72
	 0.2020
	   0.151
	0.464

	49
	0.1050
	0.00156
	0.328
	0.331  
	  0.223
	0.72
	 0.2020
	   0.152
	0.464

	50
	0.1000
	-0.000664
	0.314
	0.319  
	 0.209
	0.698
	 0.1930
	   0.143
	0.443

	51
	0.1000
	0.00417
	0.312
	0.319  
	 0.217
	0.697
	 0.1930
	    0.15
	0.442

	52
	0.1000
	0.00652
	0.311
	0.319  
	  0.22
	0.697
	 0.1930
	   0.151
	0.442

	53
	0.1000
	0.0113
	0.31
	0.319  
	 0.225
	0.697
	 0.1930
	   0.154
	0.442

	54
	0.1000
	0.0178
	0.308
	0.319  
	 0.232
	0.699
	 0.1930
	    0.16
	0.441

	55
	0.0905
	0.0067
	0.284
	0.296  
	 0.194
	0.653
	 0.1740
	    0.13
	0.403

	56
	0.0905
	0.00858
	0.284
	0.296  
	 0.197
	0.654
	 0.1740
	   0.133
	0.402

	57
	0.0586
	-0.0387
	0.214
	0.206  
	0.0485
	0.473
	 0.1120
	  0.0246
	0.276

	58
	0.0482
	-0.0445
	0.19
	0.169
	0.000396
	0.404
	 0.0905
	-0.00262
	0.232

	59
	0.0482
	-0.024
	0.183
	0.169  
	0.0152
	0.409
	 0.0905
	  0.0133
	0.234

	60
	0.0482
	-0.024
	0.183
	0.169  
	0.0152
	0.409
	 0.0905
	  0.0133
	0.234

	PAF : Population attributable fraction; CCI : Charlson comorbidity index; MWI : Multimorbidity-weighted index, HRQOL-CI: Health related quality of life comorbidity index





Additional file 3: Multivariable Cox-regression models for the association between comorbidity indices and NHA in AD patients (N = 488)
	Variables
	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P

	Age category
	
	
	
	
	
	
	
	
	
	
	
	

	  < 80 years
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  ≥ 80 years
	1.72 (1.14 – 2.58)
	0.009
	1.70 (1.13 – 2.56)
	0.011
	1.69 (1.13 – 2.55)
	0.011
	1.71 (1.13 – 2.58)
	0.012
	1.66 (1.10 – 2.49)
	0.016
	1.69 (1.12 – 2.56)
	0.012

	Sex/Gender
	
	
	
	
	
	
	
	
	
	
	
	

	  Female
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Male
	0.81 (0.56 – 1.19)
	0.29
	0.87 (0.60 – 1.28)
	0.49
	0.86 (0.60 – 1.26)
	0.44
	0.83 (0.57 – 1.22)
	0.34
	0.89 (0.60 – 1.30)
	0.54
	0.86 (0.59 – 1.26)
	0.44

	Education level
	
	
	
	
	
	
	
	
	
	
	
	

	  Till
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Primary
	1.02 (0.63 – 1.64)
	0.94
	1.11 (0.68 – 1.81)
	0.66
	1.06 (0.66 – 1.71)
	0.81
	0.99 (0.62 – 1.60)
	0.98
	1.07 (0.67 – 1.73)
	0.77
	1.05 (0.65 – 1.70)
	0.84

	  Secondary
	0.79 (0.47 – 1.33)
	0.38
	0.89 (0.52 – 1.52)
	0.68
	0.87 (0.52 – 1.46)
	0.60
	0.81 (0.48 – 1.38)
	0.44
	0.92 (0.55 – 1.54)
	0.74
	0.85 (0.51 – 1.43)
	0.55

	  Tertiary
	0.88 (0.44 – 1.75)
	0.72
	1.03 (0.51 – 2.08)
	0.94
	1.00 (0.50 – 1.99)
	0.99
	0.86 (0.42 – 1.68)
	0.63
	1.01 (0.51 – 2.03)
	0.97
	1.02 (0.51 – 2.04)
	0.96

	Stage of diagnosis
	
	
	
	
	
	
	
	
	
	
	
	

	  Minor
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Major
	1.81 (1.20 – 2.73)
	0.005
	1.69 (1.12 – 2.56)
	0.012
	1.73 (1.15 – 2.61)
	0.009
	1.80 (1.18 – 2.74)
	0.006
	1.67 (1.10 – 2.51) 
	0.015
	1.71 (1.14 – 2.59)
	0.010

	CCI as continuous
	1.09 (0.97 – 1.22)
	0.13
	
	
	
	
	
	
	
	
	
	

	CCI as categorical:
	
	
	
	
	
	
	
	
	
	
	
	

	  0
	
	
	
	
	
	
	Reference
	
	
	
	
	

	  1
	
	
	
	
	
	
	1.19 (0.71 – 1.99)
	0.51
	
	
	
	

	  2
	
	
	
	
	
	
	0.98 (0.54 – 1.79)
	0.95
	
	
	
	

	  ≥ 3
	
	
	
	
	
	
	1.66 (1.02 – 2.70)
	0.041
	
	
	
	

	MWI as continuous
	
	
	1.05 (1.01 – 1.08)
	0.007
	
	
	
	
	
	
	
	

	MWI as categorical:
	
	
	
	
	
	
	
	
	
	
	
	

	  [0 – 2.23]
	
	
	
	
	
	
	
	
	Reference
	
	
	

	  ]2.23 – 5.27]
	
	
	
	
	
	
	
	
	1.58 (0.89 – 2.80)
	0.11
	
	

	  ]5.27 – 9.60]
	
	
	
	
	
	
	
	
	2.24 (1.27 – 3.96)
	0.005
	
	

	  > 9.60
	
	
	
	
	
	
	
	
	2.41 (1.36 – 4.27)
	0.003
	
	

	HRQOL-CI as continuous
	
	
	
	
	1.12 (1.04 – 1.20)
	0.002
	
	
	
	
	
	

	HRQOL-CI as categorical
	
	
	
	
	
	
	
	
	
	
	
	

	  [0 – 1]
	
	
	
	
	
	
	
	
	
	
	Reference
	

	  [2 – 3]	
	
	
	
	
	
	
	
	
	
	
	1.27 (0.79 – 2.03)
	0.32

	  4
	
	
	
	
	
	
	
	
	
	
	1.89 (0.97 – 3.67)
	0.06

	  ≥ 5
	
	
	
	
	
	
	
	
	
	
	2.02 (1.25 – 3.29)
	0.004

	C-index,%
	61.3
	62.3
	62.6
	61.7
	62.7
	63.3

	CCI: Charlson comorbidity index; MWI: Multimorbidity-weighted index; HRQOL-CI: Health related quality of life comorbidity index; P: p-Value; HR: Hazard ratio




Additional file 4: Multivariable competing-risks regression models for the association between comorbidity indices and NHA in AD patients (N = 488)
	Variables
	SHR (95%CI)
	P
	SHR (95%CI)
	P
	SHR (95%CI)
	P
	SHR (95%CI)
	P
	SHR (95%CI)
	P
	SHR (95%CI)
	P

	Age category
	
	
	
	
	
	
	
	
	
	
	
	

	  < 80 years
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  ≥ 80 years
	1.50 (1.02 – 2.20)
	0.040
	1.47  (1.00 – 2.17)
	0.052
	1.45 (0.99 – 2.14)
	0.058
	1.49 (1.01 – 2.21)
	0.047
	1.44 (0.98 – 2.12)
	0.07
	1.46 (0.98 – 2.16)
	0.06

	Sex/Gender
	
	
	
	
	
	
	
	
	
	
	
	

	  Female
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Male
	0.81 (0.56 – 1.16)
	0.25
	0.86 (0.60 – 1.24)
	0.42
	0.85 (0.59 – 1.22)
	0.37
	0.82 (0.57 – 1.18)
	0.29
	0.86 (0.60 – 1.24)
	0.42
	0.85 (0.59 – 1.21)
	0.37

	Education level
	
	
	
	
	
	
	
	
	
	
	
	

	  Till
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Primary
	1.03 (0.64 – 1.66)
	0.92
	1.12 (0.68 – 1.85)
	0.65
	1.08 (0.67 – 1.76)
	0.75
	1.00 (0.62 – 1.62)
	0.98
	1.08 (0.67 – 1.75)
	0.74
	1.07 (0.66 – 1.73)
	0.78

	  Secondary
	0.78 (0.46 – 1.33)
	0.36
	0.87 (0.51 – 1.49)
	0.61
	0.87 (0.51 – 1.48)
	0.62
	0.80 (0.47 – 1.37)
	0.42
	0.89 (0.53 – 1.48)
	0.65
	0.85 (0.51 – 1.43)
	0.54

	  Tertiary
	0.91 (0.47 – 1.75)
	0.78
	1.01 (0.52 – 1.98)
	0.97
	1.03 (0.54 – 1.95)
	0.93
	0.88 (0.45 – 1.69)
	0.69 
	1.00 (0.52 – 1.92)
	0.99
	1.03 (0.54 – 1.96)
	0.94

	Stage of diagnosis
	
	
	
	
	
	
	
	
	
	
	
	

	  Minor
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Major
	1.65 (1.11 – 2.46)
	0.013
	1.58 (1.06 – 2.35)
	0.025
	1.62 (1.09 – 2.41)
	0.02
	1.65 (1.10 – 2.46)
	0.014
	1.58 (1.07 – 2.33)
	0.022
	1.62 (1.09 – 2.42)
	0.018

	CCI as continuous
	1.10 (0.98 – 1.22)
	0.09
	
	
	
	
	
	
	
	
	
	

	CCI as categorical:
	
	
	
	
	
	
	
	
	
	
	
	

	  0
	
	
	
	
	
	
	Reference
	
	
	
	
	

	  1
	
	
	
	
	
	
	1.19 (0.72 – 1.98)
	0.50
	
	
	
	

	  2
	
	
	
	
	
	
	0.98 (0.54 – 1.80)
	0.95
	
	
	
	

	  ≥ 3
	
	
	
	
	
	
	1.68 (1.04 – 2.71)
	0.034
	
	
	
	

	MWI as continuous
	
	
	1.04 (1.01 – 1.08)
	0.009
	
	
	
	
	
	
	
	

	MWI as categorical:
	
	
	
	
	
	
	
	
	
	
	
	

	  [0 – 2.23]
	
	
	
	
	
	
	
	
	Reference
	
	
	

	  ]2.23 – 5.27]
	
	
	
	
	
	
	
	
	1.55 (0.89 – 2.71)
	0.12
	
	

	  ]5.27 – 9.60]
	
	
	
	
	
	
	
	
	2.13 (1.21 – 3.74)
	0.009
	
	

	  > 9.60
	
	
	
	
	
	
	
	
	2.41 (1.36 – 4.28)
	0.003
	
	

	HRQOL-CI as continuous
	
	
	
	
	1.12 (1.04 – 1.20)
	0.002
	
	
	
	
	
	

	HRQOL-CI as categorical
	
	
	
	
	
	
	
	
	
	
	
	

	  [0 – 1]
	
	
	
	
	
	
	
	
	
	
	Reference
	

	  [2 – 3]	
	
	
	
	
	
	
	
	
	
	
	1.23 (0.79 – 1.92)
	0.37

	  4
	
	
	
	
	
	
	
	
	
	
	1.72 (0.89 – 3.31)
	0.11

	  ≥ 5
	
	
	
	
	
	
	
	
	
	
	1.96 (1.22 – 3.17)
	0.006

	CCI: Charlson comorbidity index; MWI: Multimorbidity-weighted index; HRQOL-CI: Health related quality of life comorbidity index; P: p-Value; SHR: Subdistribution hazard ratio





Additional file 5: Multivariable Cox-regression models for the association between comorbidity indices and NHA in AD patients involving NPI as covariate (N = 452)
	Variables
	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P

	Age category
	
	
	
	
	
	
	
	
	
	
	
	

	  < 80 years
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  ≥ 80 years
	1.68 (1.11 – 2.54)
	0.014
	1.67 (1.11 – 2.53)
	0.015
	1.66 (1.10 – 2.52)
	0.016
	1.68 (1.10 – 2.56)
	0.016
	1.62 (1.07 – 2.46)
	0.024
	1.66 (1.09 – 2.52)
	0.018

	Sex/Gender
	
	
	
	
	
	
	
	
	
	
	
	

	  Female
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Male
	0.87 (0.59 – 1.28)
	0.47
	0.93 (0.63 – 1.37)
	0.70
	0.91 (0.62 – 1.34)
	0.63
	0.89 (0.61 – 1.32)
	0.57
	0.94 (0.63 – 1.39)
	0.74
	0.91 (0.62 – 1.34)
	0.63

	Education level
	
	
	
	
	
	
	
	
	
	
	
	

	  Till
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Primary
	1.02 (0.63 – 1.64)
	0.93
	1.07 (0.64 – 1.78)
	0.79
	1.02 (0.62 – 1.67)
	0.94
	0.95 (0.58 – 1.56)
	0.83
	1.05 (0.64 – 1.72)
	0.86
	1.01 (0.62 – 1.66)
	0.97

	  Secondary
	0.79 (0.47 – 1.33)
	0.47
	0.93 (0.54 – 1.60)
	0.78
	0.90 (0.53 – 1.52)
	0.69
	0.84 (0.49 – 1.44)
	0.52
	0.97 (0.57 – 1.65)
	0.91
	0.88 (0.52 – 1.49)
	0.63

	  Tertiary
	0.88 (0.44 – 1.75)
	0.82
	1.06 (0.52 – 2.17)
	0.86
	1.03 (0.51 – 2.08)
	0.93
	0.88 (0.44 – 1.76)
	0.70
	1.05 (0.52 – 2.12)
	0.89
	1.05 (0.52 – 2.11)
	0.90

	Stage of diagnosis
	
	
	
	
	
	
	
	
	
	
	
	

	  Minor
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Major
	1.68 (1.11 – 2.54)
	0.014
	1.57 (1.04 – 2.40)
	0.033
	1.62 (1.07 – 2.45)
	0.023
	1.68 (1.10 – 2.57)
	0.016
	1.54 (1.02 – 2.33)
	0.042
	1.60 (1.06 – 2.43)
	0.025

	NPI
	1.00 (0.99 – 1.01)
	0.77
	1.00 (0.99 – 1.01)
	0.84
	1.00 (0.99 – 1.01)
	0.93
	1.00 (0.99 – 1.01)
	0.74
	1.00 (0.99 – 1.01)
	0.90
	1.00 (0.99 – 1.01)
	0.96

	CCI as continuous
	1.08 (0.96 – 1.21)
	0.19
	
	
	
	
	
	
	
	
	
	

	CCI as categorical:
	
	
	
	
	
	
	
	
	
	
	
	

	  0
	
	
	
	
	
	
	Reference
	
	
	
	
	

	  1
	
	
	
	
	
	
	1.15 (0.68 – 1.94)
	0.61
	
	
	
	

	  2
	
	
	
	
	
	
	0.95 (0.52 – 1.74)
	0.86
	
	
	
	

	  ≥ 3
	
	
	
	
	
	
	1.58 (0.96 – 2.61)
	0.07
	
	
	
	

	MWI as continuous
	
	
	1.04 (1.01 – 1.08)
	0.013
	
	
	
	
	
	
	
	

	MWI as categorical:
	
	
	
	
	
	
	
	
	
	
	
	

	  [0 – 2.23]
	
	
	
	
	
	
	
	
	Reference
	
	
	

	  ]2.23 – 5.27]
	
	
	
	
	
	
	
	
	1.64 (0.91 – 2.93)
	0.10
	
	

	  ]5.27 – 9.60]
	
	
	
	
	
	
	
	
	2.19 (1.22 – 3.94)
	0.009
	
	

	  > 9.60
	
	
	
	
	
	
	
	
	2.45 (1.36 – 4.41)
	0.003
	
	

	HRQOL-CI as continuous
	
	
	
	
	1.11 (1.03 – 1.20)
	0.005
	
	
	
	
	
	

	HRQOL-CI as categorical
	
	
	
	
	
	
	
	
	
	
	
	

	  [0 – 1]
	
	
	
	
	
	
	
	
	
	
	Reference
	

	  [2 – 3]	
	
	
	
	
	
	
	
	
	
	
	1.29 (0.80 – 2.08)
	0.30

	  4
	
	
	
	
	
	
	
	
	
	
	1.79 (0.90 – 3.56)
	0.10

	  ≥ 5
	
	
	
	
	
	
	
	
	
	
	1.97 (1.20 – 3.23)
	0.007

	C-index,%
	60.2
	61.2
	61.3
	60.7
	61.3
	62.3

	CCI: Charlson comorbidity index; MWI: Multimorbidity-weighted index; HRQOL-CI: Health related quality of life comorbidity index; NPI: Neuropsychiatric inventory; P: p-Value; HR: Hazard ratio





Additional file 6: Multivariable competing-risks regression models for the association between comorbidity indices and NHA in AD patients involving NPI as covariate (N = 452)
	Variables
	SHR (95%CI)
	P
	SHR (95%CI)
	P
	SHR (95%CI)
	P
	SHR (95%CI)
	P
	SHR (95%CI)
	P
	SHR (95%CI)
	P

	Age category
	
	
	
	
	
	
	
	
	
	
	
	

	  < 80 years
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  ≥ 80 years
	1.46 (0.99 – 2.15)
	0.058
	1.44  (0.97 – 2.13)
	0.07
	1.42 (0.96 – 2.10)
	0.08
	1.46 (0.98 – 2.18)
	0.06
	1.40 (0.94 – 2.09)
	0.09
	1.43 (0.96 – 2.13)
	0.08

	Sex/Gender
	
	
	
	
	
	
	
	
	
	
	
	

	  Female
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Male
	0.85 (0.59 – 1.23)
	0.38
	0.90 (0.62 – 1.30)
	0.56
	0.88 (0.61 – 1.28)
	0.51
	0.87 (0.60 – 1.26)
	0.45
	0.90 (0.62 – 1.30)
	0.57
	0.88 (0.61 – 1.28)
	0.51

	Education level
	
	
	
	
	
	
	
	
	
	
	
	

	  Till
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Primary
	1.00 (0.61 – 1.64)
	0.99
	1.09 (0.65 – 1.83)
	0.75
	1.05 (0.63 – 1.74)
	0.85
	0.97 (0.59 – 1.60)
	0.91
	1.07 (0.65 – 1.76)
	0.80
	1.04 (0.63 – 1.72)
	0.89

	  Secondary
	0.81 (0.47 – 1.40)
	0.46
	0.90 (0.52 – 1.56)
	0.70
	0.90 (0.52 – 1.54)
	0.69
	0.83 (0.48 – 1.44)
	0.51
	0.93 (0.55 – 1.58)
	0.79
	0.87 (0.51 – 1.49)
	0.62

	  Tertiary
	0.94 (0.49 – 1.84)
	0.87
	1.03 (0.53 – 2.05)
	0.91
	1.05 (0.55 – 2.01)
	0.88
	0.90 (0.47 – 1.76)
	0.77 
	1.03 (0.97 – 1.99)
	0.94
	1.05 (0.55 – 2.02)
	0.88

	Stage of diagnosis
	
	
	
	
	
	
	
	
	
	
	
	

	  Minor
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	  Major
	1.54 (1.03 – 2.30)
	0.037
	1.47 (0.98 – 2.20)
	0.06
	1.51 (1.01 – 2.26)
	0.044
	1.54 (1.03 – 2.30)
	0.037
	1.46 (0.98 – 2.16)
	0.06
	1.52 (1.01 – 2.28)
	0.045

	NPI
	1.00 (0.99 – 1.01)
	0.78
	1.00 (0.99 – 1.01)
	0.74
	1.00 (0.99 – 1.01)
	0.66
	1.01 (0.99 – 1.01)
	0.82
	1.01 (0.99 – 1.01)
	0.71
	1.00 (0.99 – 1.01)
	0.64

	CCI as continuous
	1.09 (0.98 – 1.21)
	0.12
	
	
	
	
	
	
	
	
	
	

	CCI as categorical:
	
	
	
	
	
	
	
	
	
	
	
	

	  0
	
	
	
	
	
	
	Reference
	
	
	
	
	

	  1
	
	
	
	
	
	
	1.15 (0.69 – 1.94)
	0.59
	
	
	
	

	  2
	
	
	
	
	
	
	0.97 (0.53 – 1.78)
	0.93
	
	
	
	

	  ≥ 3
	
	
	
	
	
	
	1.63 (0.99 – 2.66)
	0.053
	
	
	
	

	MWI as continuous
	
	
	1.04 (1.01 – 1.07)
	0.02
	
	
	
	
	
	
	
	

	MWI as categorical:
	
	
	
	
	
	
	
	
	
	
	
	

	  [0 – 2.23]
	
	
	
	
	
	
	
	
	Reference
	
	
	

	  ]2.23 – 5.27]
	
	
	
	
	
	
	
	
	1.60 (0.91 – 2.83)
	0.10
	
	

	  ]5.27 – 9.60]
	
	
	
	
	
	
	
	
	2.09 (1.17 – 3.72)
	0.013
	
	

	  > 9.60
	
	
	
	
	
	
	
	
	2.45 (1.36 – 3.43)
	0.003
	
	

	HRQOL-CI as continuous
	
	
	
	
	1.11 (1.04 – 1.19)
	0.004
	
	
	
	
	
	

	HRQOL-CI as categorical
	
	
	
	
	
	
	
	
	
	
	
	

	  [0 – 1]
	
	
	
	
	
	
	
	
	
	
	Reference
	

	  [2 – 3]	
	
	
	
	
	
	
	
	
	
	
	1.23 (0.78 – 1.93)
	0.37

	  4
	
	
	
	
	
	
	
	
	
	
	1.64 (0.83 – 3.24)
	0.15

	  ≥ 5
	
	
	
	
	
	
	
	
	
	
	1.92 (1.18 – 3.13)
	0.009

	CCI: Charlson comorbidity index; MWI: Multimorbidity-weighted index; HRQOL-CI: Health related quality of life comorbidity index; NPI: Neuropsychiatric inventory; P: p-Value; SHR: Subdistribution hazard ratio
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