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Supplementary Methods
[bookmark: _Toc242742042]Supplementary Methods 1. Multi-state Markov model
The primary continuous-time multi-state Markov model included four transient handgrip states: normal HGS, HGSA, HGSW, and HGSAW. In a sensitivity analysis, death was added as a fifth, absorbing state. The same handgrip phenotype definitions and time scale were used in both models. The prespecified transition matrix for the primary four-state model is shown in Table S3; transitions from each handgrip state to death were allowed only in the five-state sensitivity model. 
At each HGS assessment, participants were assigned to one of the four transient handgrip states using the same phenotype definitions as in the baseline analysis. Time since the first HGS assessment was used as the time scale. Because HGS phenotypes were observed only at discrete assessment visits, the exact timing of transitions between two observed states was unknown. Therefore, a continuous-time Markov model was fitted to estimate transition intensities from panel-observed state data.
Let denote the handgrip state occupied at time . Under the Markov assumption, the transition probability to a future state depends on the current state and elapsed time, conditional on the current state, rather than on the full previous state history. The transition intensity from state to state is defined as:

The transition intensities form an intensity matrix , in which off-diagonal elements represent transition intensities from state to state . The diagonal elements are defined so that each row sums to zero:

The prespecified transition matrix allowed bidirectional transitions among all four transient handgrip states, thereby allowing both worsening and apparent recovery between phenotypes. Transitions from each transient state to death were also allowed. Transitions from death to any other state were not allowed.
For each transient state , the total rate of leaving that state is given by . Under a time-homogeneous continuous-time Markov model, the expected sojourn time in state is:

The probability that the next transition from state is to state , conditional on leaving state , is:

Transition intensities were interpreted as instantaneous annual transition rates. State occupation probabilities over time were estimated from the fitted transition probability matrix and represent the probability of occupying each state at a given time after the first HGS assessment. The model was fitted using the msm package in R, with parameters estimated by maximum likelihood optimization. Observed transitions, estimated transition intensities, sojourn times, and model-estimated transition probabilities are reported in the supplementary tables and figures.
.
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Supplementary Tables
[bookmark: _Toc242742043]Table S1 Principal component analysis of cognitive function tests: eigenvalues and explained variance
	Component
	Eigenvalue
	Variance Explained (%)
	Cumulative Variance (%)

	PC1
	1.84
	36.79
	36.79

	PC2
	0.95
	19.02
	55.81

	PC3
	0.86
	17.22
	73.03

	PC4
	0.76
	15.11
	88.14

	PC5
	0.59
	11.86
	100


[bookmark: _Hlk216086562][bookmark: _Hlk216086356]Abbreviations: PC, principal component.
Footnotes: PC1-5 represents the first to the fifth principal components.


[bookmark: _Toc242742044]Table S2 Principal component loadings of cognitive function tests 
	Cognitive Test
	PC1 Loading

	Numeric Memory
	0.32

	Reaction Time
	0.34

	Pairs Matching
	0.51

	Fluid Intelligence
	0.55

	Prospective Memory
	0.47


Footnotes: PC1 represents the first principal component
[bookmark: _Toc242742045]Table S3 Prespecified transition matrix for the multi-state Markov model
	From / To
	Normal HGS
	HGSA
	HGSW
	HGSAW

	Normal HGS
	-
	allowed
	allowed
	allowed

	HGSA
	allowed
	-
	allowed
	allowed

	HGSW
	allowed
	allowed
	-
	allowed

	HGSAW
	allowed
	allowed
	allowed
	-


Abbreviations: HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness.


[bookmark: _Toc242742046]Table S4 Observed persistence and transitions between handgrip strength phenotypes from the first to the second HGS assessment
	
	Post-transition, n (%)

	
	Handgrip phenotype
	Normal HGS
	HGSA
	HGSW
	HGSAW

	Pre-transition,
n (%)
	Normal HGS
	17426 (49.1)
	16024 (45.1)
	944 (2.7)
	1129 (3.2)

	
	HGSA
	13637 (38.4)
	19043 (53.7)
	1131 (3.2)
	1667 (4.7)

	
	HGSW
	171 (23.2)
	309 (41.9)
	95 (12.9)
	163 (22.1)

	
	HGSAW
	209 (20.5)
	424 (41.5)
	142 (13.9)
	247 (24.2)


Abbreviations: HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness.
Values are presented as numbers of participants (row percentages). Percentages represent the distribution of HGS phenotypes at the second assessment conditional on the phenotype at the first assessment.


[bookmark: _Toc242742047]Table S5 Mean sojourn times of handgrip strength phenotypes in the multi-state Markov model
	Handgrip phenotype
	Mean sojourn time (years)

	Normal HGS
	7.08 (6.82-7.35)

	HGSA
	7.42 (7.12-7.73)

	HGSW
	3.01 (2.05-4.44)

	HGSAW
	4.81(3.54-6.55)


Abbreviations: HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSW, handgrip strength weakness; HGSAW, handgrip strength asymmetry and weakness.


[bookmark: _Hlk213851626][bookmark: _Hlk214468441][bookmark: _Toc242742048]Table S6 Comparison of key transition intensities between the primary four-state model and the five-state sensitivity model incorporating death as an absorbing state
	Transition
	Four-state model, intensity
(95% CI)
	Five-state model, intensity 
(95% CI)

	Normal HGS → HGSA
	0.137 (0.131–0.143)
	0.137 (0.132–0.143)

	Normal HGS → HGSW
	0.004 (0.003–0.006)
	0.004 (0.002–0.006)

	HGSA → Normal HGS
	0.118 (0.113–0.123)
	0.117 (0.112–0.123)

	HGSW → Normal HGS
	0.015 (0.002–0.201)
	0.022 (0.006–0.064)


Death was modeled as an absorbing state in the five-state sensitivity model. Transition intensities to death were very low across HGS phenotypes and are not shown.


[bookmark: _Toc242742049]Table S7 Associations of handgrip strength phenotypes with incident all-cause dementia, Alzheimer’s disease, and vascular dementia
	[bookmark: _Hlk212542813]Outcome and comparison
	Model 1a
	Model 2b
	Model 3c

	
	HR (95% CI)

	All-Cause Dementia
	
	
	

	HGSA vs normal HGS
	1.24 (1.18-1.31)
	1.18 (1.12-1.25)
	1.17 (1.11-1.24)

	HGSW vs normal HGS
	2.94 (2.56-3.37)
	1.70 (1.48-1.96)
	1.60 (1.39-1.84)

	HGSAW vs normal HGS
	2.98 (2.65-3.34)
	1.80 (1.60-2.02)
	1.69 (1.50-1.90)

	[bookmark: OLE_LINK1]Alzheimer's Disease
	
	
	

	HGSA vs normal HGS
	1.27 (1.17-1.37)
	1.18 (1.09-1.28)
	1.18 (1.09-1.28)

	HGSW vs normal HGS
	2.58 (2.08-3.19)
	1.47 (1.19-1.83)
	1.43 (1.15-1.77)

	HGSAW vs normal HGS
	2.79 (2.35-3.33)
	1.62 (1.36-1.93)
	1.58 (1.32-1.88)

	[bookmark: _Hlk214438375]Vascular Dementia
	
	
	

	HGSA vs normal HGS
	1.13 (1.01-1.27)
	1.10 (0.98-1.24)
	1.08 (0.96-1.21)

	HGSW vs normal HGS
	3.24 (2.48-4.24)
	1.82 (1.39-2.38)
	1.63 (1.25-2.14)

	HGSAW vs normal HGS
	3.03 (2.39-3.83)
	1.82 (1.43-2.31)
	1.60 (1.26-2.04)


[bookmark: _Hlk216086212]Abbreviations: CI, confidence interval; HR, hazard ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness. 
aModels 1 unadjusted
bModels 2 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education 
cModels 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes
[bookmark: _Toc242742050]Table S8 Direct comparisons of all-cause dementia risk between abnormal handgrip strength phenotypes
	Handgrip phenotype
	Model 3a

	
	HR (95% CI)
	P
	P - adjustedb

	HGSW vs HGSA
	1.36 (1.19-1.56)
	<0.001
	<0.001

	HGSAW vs HGSA
	1.44 (1.28-1.61)
	<0.001
	<0.001


[bookmark: _Hlk216087278]Abbreviations: CI, confidence interval; HR, hazard ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness.
aModel 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes
[bookmark: _Hlk212713433]bP-values were adjusted for multiple testing using the Bonferroni
[bookmark: _Hlk214468471][bookmark: _Toc242742051]Table S9 Stratified associations of handgrip strength phenotypes with all-cause dementia
	[bookmark: OLE_LINK2]Subgroup
	
	
	Model 3a
	
	

	
	Handgrip phenotype
	Cases/
Population
	HR (95% CI)
	P
	P interaction

	Age
	
	
	
	
	0.314

	[bookmark: _Hlk214461928]<60 years old
	Normal HGS
	286/102783
	reference
	
	

	
	HGSA
	341/103857
	1.15 (0.98-1.35)
	0.077
	

	
	HGSW
	15/2386
	1.37 (0.81-2.32)
	0.235
	

	
	HGSAW
	32/3404
	1.89 (1.30-2.76)
	<0.001
	

	≥60 years old
	Normal HGS
	1956/66449
	reference
	
	

	
	HGSA
	2584/75931
	1.17 (1.11-1.25)
	<0.001
	

	
	HGSW
	209/3727
	1.62 (1.41-1.87)
	<0.001
	

	
	HGSAW
	294/5330
	1.66 (1.46-1.88)
	<0.001
	

	Sex
	
	
	
	
	0.257

	Female
	Normal HGS
	833/79773
	reference
	
	

	
	HGSA
	1376/101591
	1.15 (1.06-1.26)
	<0.001
	

	
	HGSW
	97/3007
	1.69 (1.37-2.09)
	<0.001
	

	
	HGSAW
	155/5309
	1.49 (1.26-1.78)
	<0.001
	

	Male
	Normal HGS
	1409/89459
	reference
	
	

	
	HGSA
	1549/78197
	1.19 (1.10-1.27)
	<0.001
	

	
	HGSW
	127/3106
	1.54 (1.29-1.86)
	<0.001
	

	
	HGSAW
	171/3425
	1.90 (1.62-2.23)
	<0.001
	

	Body mass index
	
	
	
	
	0.360

	Underweight
	Normal HGS
	42/2264
	reference
	
	

	
	HGSA
	48/2665
	0.94 (0.62-1.43)
	0.782
	

	
	HGSW
	5/136
	0.95 (0.36-2.47)
	0.913
	

	
	HGSAW
	9/173
	1.85 (0.89-3.84)
	0.101
	

	Normal weight
	Normal HGS
	652/53295
	reference
	
	

	
	HGSA
	850/57646
	1.15 (1.04-1.28)
	0.007
	

	
	HGSW
	58/1755
	1.44 (1.10-1.89)
	0.008
	

	
	HGSAW
	83/2462
	1.57 (1.25-1.98)
	<0.001
	

	Overweight
	Normal HGS
	1013/74917
	reference
	
	

	
	HGSA
	1278/76847
	1.18 (1.08-1.28)
	<0.001
	

	
	HGSW
	80/2530
	1.41 (1.12-1.78)
	0.003
	

	
	HGSAW
	129/3615
	1.64 (1.37-1.98)
	<0.001
	

	Obesity
	Normal HGS
	535/38756
	reference
	
	

	
	HGSA
	749/42630
	1.21 (1.08-1.36)
	<0.001
	

	
	HGSW
	81/1692
	2.12 (1.67-2.68)
	<0.001
	

	
	HGSAW
	105/2484
	1.82 (1.47-2.26)
	<0.001
	

	Level of physical activity
	
	
	
	
	0.371

	Low
	Normal HGS
	884/70960
	reference
	
	

	
	HGSA
	1259/79265
	1.21 (1.11-1.32)
	<0.001
	

	
	HGSW
	121/3005
	1.83 (1.51-2.22)
	<0.001
	

	
	HGSAW
	180/4542
	1.87 (1.59-2.20)
	<0.001
	

	Moderate
	Normal HGS
	552/43842
	reference
	
	

	
	HGSA
	734/46365
	1.20 (1.07-1.34)
	0.001
	

	
	HGSW
	45/1471
	1.34 (0.99-1.82)
	0.06
	

	
	HGSAW
	67/1966
	1.63 (1.26-2.10)
	<0.001
	

	High
	Normal HGS
	806/54430
	reference
	
	

	
	HGSA
	932/54158
	1.12 (1.02-1.23)
	0.022
	

	
	HGSW
	58/1637
	1.46 (1.12-1.91)
	0.005
	

	
	HGSAW
	79/2226
	1.42 (1.12-1.79)
	0.004
	

	[bookmark: _Hlk213361069]Smoking status
	
	
	
	
	0.145

	Never
	Normal HGS
	980/92096
	reference
	
	

	
	HGSA
	1387/100107
	1.23 (1.13-1.34)
	<0.001
	

	
	HGSW
	110/3363
	1.68 (1.38-2.05)
	<0.001
	

	
	HGSAW
	156/4761
	1.77 (1.49-2.10)
	<0.001
	

	Previous
	Normal HGS
	1040/60004
	reference
	
	

	
	HGSA
	1250/62371
	1.11 (1.02-1.21)
	0.014
	

	
	HGSW
	99/2161
	1.68 (1.36-2.07)
	<0.001
	

	
	HGSAW
	143/3111
	1.62 (1.35-1.93)
	<0.001
	

	Current
	Normal HGS
	222/17132
	reference
	
	

	
	HGSA
	288/17310
	1.21 (1.01-1.44)
	0.037
	

	
	HGSW
	15/589
	0.98 (0.58-1.66)
	0.931
	

	
	HGSAW
	27/862
	1.55 (1.04-2.33)
	0.033
	

	Sleep duration
	
	
	
	
	0.427

	Less
	Normal HGS
	532/39106
	reference
	
	

	
	HGSA
	743/42636
	1.18 (1.06-1.32)
	0.003
	

	
	HGSW
	50/1618
	1.30 (0.97-1.74)
	0.079
	

	
	HGSAW
	92/2408
	1.65 (1.32-2.07)
	<0.001
	

	Normal
	Normal HGS
	1454/118407
	reference
	
	

	
	HGSA
	1833/123912
	1.17 (1.09-1.25)
	<0.001
	

	
	HGSW
	144/3823
	1.81 (1.52-2.15)
	<0.001
	

	
	HGSAW
	183/5303
	1.68 (1.44-1.96)
	<0.001
	

	More
	Normal HGS
	256/11719
	reference
	
	

	
	HGSA
	349/13240
	1.19 (1.01-1.40)
	0.033
	

	
	HGSW
	30/672
	1.40 (0.96-2.05)
	0.084
	

	
	HGSAW
	51/1023
	1.77 (1.31-2.41)
	<0.001
	

	Drinking status
	
	
	
	
	0.048

	Never
	Normal HGS
	111/5428
	reference
	
	

	
	HGSA
	168/6694
	1.18 (0.93-1.51)
	0.172
	

	
	HGSW
	22/457
	1.72 (1.08-2.74)
	0.023
	

	
	HGSAW
	40/709
	2.20 (1.52-3.18)
	<0.001
	

	Previous
	Normal HGS
	96/5033
	reference
	
	

	
	HGSA
	185/5897
	1.60 (1.24-2.04)
	<0.001
	

	
	HGSW
	24/338
	2.62 (1.66-4.12)
	<0.001
	

	
	HGSAW
	23/553
	1.50 (0.95-2.39)
	0.084
	

	Current
	Normal HGS
	2035/158771
	reference
	
	

	
	HGSA
	2572/167197
	1.15 (1.09-1.22)
	<0.001
	

	
	HGSW
	178/5318
	1.53 (1.32-1.79)
	<0.001
	

	
	HGSAW
	263/7472
	1.67 (1.47-1.90)
	<0.001
	

	Healthy diet status
	
	
	
	
	0.674

	Yes
	Normal HGS
	835/69891
	reference
	
	

	
	HGSA
	1040/71455
	1.16 (1.06-1.27)
	0.002
	

	
	HGSW
	88/2530
	1.63 (1.31-2.04)
	<0.001
	

	
	HGSAW
	134/3568
	1.82 (1.52-2.19)
	<0.001
	

	No
	Normal HGS
	1407/99341
	reference
	
	

	
	HGSA
	1885/108333
	1.18 (1.10-1.27)
	<0.001
	

	
	HGSW
	136/3583
	1.58 (1.32-1.88)
	<0.001
	

	
	HGSAW
	192/5166
	1.60 (1.37-1.86)
	<0.001
	


[bookmark: _Hlk213779586]Abbreviations: CI, confidence interval, HR, hazard ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness.
a Model 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes, except for the stratification variable.
Footnotes: All stratified analyses were conducted based on model 3, in each stratified analysis, the stratification variable was not included as a covariate.
[bookmark: _Hlk214438297]
[bookmark: _Toc242742052]Table S10 Stratified associations of handgrip strength phenotypes with Alzheimer’s disease
	Subgroup
	Model 3a

	
	Handgrip phenotype
	Cases/
Population
	HR (95% CI)
	P
	P interaction

	Age
	
	
	
	
	0.490

	<60 years old
	Normal HGS
	123/102783
	reference
	
	

	
	HGSA
	138/103857
	1.07 (0.84-1.37)
	0.587
	

	
	HGSW
	7/2386
	1.56 (0.72-3.37)
	0.257
	

	
	HGSAW
	12/3404
	1.74 (0.95-3.20)
	0.072
	

	≥60 years old
	Normal HGS
	923/66449
	reference
	
	

	
	HGSA
	1254/75931
	1.19 (1.09-1.30)
	<0.001
	

	
	HGSW
	85/3727
	1.43 (1.14-1.78)
	0.002
	

	
	HGSAW
	131/5330
	1.56 (1.30-1.88)
	<0.001
	

	Sex
	
	
	
	
	0.729

	Female
	Normal HGS
	437/79773
	reference
	
	

	
	HGSA
	731/101591
	1.17 (1.04-1.32)
	0.009
	

	
	HGSW
	47/3007
	1.57 (1.16-2.13)
	0.003
	

	
	HGSAW
	81/5309
	1.51 (1.19-1.91)
	<0.001
	

	Male
	Normal HGS
	609/89459
	reference
	
	

	
	HGSA
	661/78197
	1.18 (1.06-1.32)
	0.003
	

	
	HGSW
	45/3106
	1.31 (0.97-1.78)
	0.081
	

	
	HGSAW
	62/3425
	1.69 (1.30-2.20)
	<0.001
	

	Body mass index
	
	
	
	
	0.422

	Underweight
	Normal HGS
	23/2264
	reference
	
	

	
	HGSA
	26/2665
	0.88 (0.50-1.55)
	0.665
	

	
	HGSW
	4/136
	1.89 (0.64-5.60)
	0.249
	

	
	HGSAW
	5/173
	1.79 (0.67-4.80)
	0.244
	

	Normal weight
	Normal HGS
	331/53295
	reference
	
	

	
	HGSA
	432/57646
	1.13 (0.98-1.31)
	0.092
	

	
	HGSW
	26/1755
	1.29 (0.86-1.93)
	0.217
	

	
	HGSAW
	38/2462
	1.40 (1.00-1.96)
	0.053
	

	Overweight
	Normal HGS
	464/74917
	reference
	
	

	
	HGSA
	623/76847
	1.23 (1.09-1.39)
	<0.001
	

	
	HGSW
	29/2530
	1.13 (0.78-1.65)
	0.523
	

	
	HGSAW
	60/3615
	1.65 (1.26-2.16)
	<0.001
	

	Obesity
	Normal HGS
	228/38756
	reference
	
	

	
	HGSA
	311/42630
	1.16 (0.98-1.38)
	0.084
	

	
	HGSW
	33/1692
	2.03 (1.40-2.93)
	<0.001
	

	
	HGSAW
	40/2484
	1.61 (1.14-2.27)
	0.006
	

	Level of physical activity
	
	
	
	
	0.702

	Low
	Normal HGS
	385/70960
	reference
	
	

	
	HGSA
	554/79265
	1.19 (1.04-1.35)
	0.01
	

	
	HGSW
	46/3005
	1.60 (1.17-2.18)
	0.003
	

	
	HGSAW
	72/4542
	1.69 (1.31-2.18)
	<0.001
	

	Moderate
	Normal HGS
	253/43842
	reference
	
	

	
	HGSA
	369/46365
	1.30 (1.10-1.52)
	0.002
	

	
	HGSW
	20/1471
	1.33 (0.84-2.10)
	0.22
	

	
	HGSAW
	31/1966
	1.63 (1.12-2.38)
	0.011
	

	High
	Normal HGS
	408/54430
	reference
	
	

	
	HGSA
	469/54158
	1.09 (0.95-1.25)
	0.2
	

	
	HGSW
	26/1637
	1.28 (0.86-1.90)
	0.228
	

	
	HGSAW
	40/2226
	1.37 (0.99-1.90)
	0.06
	

	Smoking status
	
	
	
	
	0.802

	Never
	Normal HGS
	472/92096
	reference
	
	

	
	HGSA
	692/100107
	1.25 (1.11-1.41)
	<0.001
	

	
	HGSW
	45/3363
	1.46 (1.07-1.98)
	0.017
	

	
	HGSAW
	67/4761
	1.56 (1.21-2.03)
	<0.001
	

	Previous
	Normal HGS
	485/60004
	reference
	
	

	
	HGSA
	582/62371
	1.09 (0.96-1.23)
	0.173
	

	
	HGSW
	39/2161
	1.42 (1.03-1.98)
	0.034
	

	
	HGSAW
	64/3111
	1.53 (1.18-2.00)
	0.002
	

	Current
	Normal HGS
	89/17132
	reference
	
	

	
	HGSA
	118/17310
	1.25 (0.95-1.65)
	0.11
	

	
	HGSW
	8/589
	1.44 (0.69-2.98)
	0.333
	

	
	HGSAW
	12/862
	1.88 (1.02-3.45)
	0.043
	

	Sleep duration
	
	
	
	
	0.543

	Less
	Normal HGS
	241/39106
	reference
	
	

	
	HGSA
	319/42636
	1.09 (0.93-1.30)
	0.292
	

	
	HGSW
	22/1618
	1.28 (0.83-1.99)
	0.27
	

	
	HGSAW
	43/2408
	1.68 (1.21-2.34)
	0.002
	

	Normal
	Normal HGS
	691/118407
	reference
	
	

	
	HGSA
	911/123912
	1.20 (1.09-1.33)
	<0.001
	

	
	HGSW
	60/3823
	1.59 (1.22-2.08)
	<0.001
	

	
	HGSAW
	85/5303
	1.62 (1.29-2.03)
	<0.001
	

	More
	Normal HGS
	114/11719
	reference
	
	

	
	HGSA
	162/13240
	1.22 (0.96-1.56)
	0.102
	

	
	HGSW
	10/672
	1.08 (0.56-2.07)
	0.814
	

	
	HGSAW
	15/1023
	1.17 (0.68-2.01)
	0.582
	

	Drinking status
	
	
	
	
	0.044

	Never
	Normal HGS
	58/5428
	reference
	
	

	
	HGSA
	75/6694
	1.01 (0.71-1.43)
	0.957
	

	
	HGSW
	11/457
	1.63 (0.84-3.14)
	0.147
	

	
	HGSAW
	18/709
	1.87 (1.09-3.22)
	0.022
	

	Previous
	Normal HGS
	36/5033
	reference
	
	

	
	HGSA
	86/5897
	1.97 (1.33-2.91)
	<0.001
	

	
	HGSW
	9/338
	2.53 (1.21-5.31)
	0.014
	

	
	HGSAW
	7/553
	1.24 (0.55-2.82)
	0.607
	

	Current
	Normal HGS
	952/158771
	reference
	
	

	
	HGSA
	1231/167197
	1.16 (1.06-1.26)
	<0.001
	

	
	HGSW
	72/5318
	1.35 (1.06-1.71)
	0.016
	

	
	HGSAW
	118/7472
	1.58 (1.31-1.92)
	<0.001
	

	Healthy diet status
	
	
	
	
	0.263

	Yes
	Normal HGS
	353/69891
	reference
	
	

	
	HGSA
	456/71455
	1.19 (1.03-1.37)
	0.015
	

	
	HGSW
	38/2530
	1.74 (1.24-2.44)
	0.001
	

	
	HGSAW
	59/3568
	1.97 (1.49-2.60)
	<0.001
	

	No
	Normal HGS
	693/99341
	reference
	
	

	
	HGSA
	936/108333
	1.17 (1.06-1.29)
	0.002
	

	
	HGSW
	54/3583
	1.27 (0.96-1.68)
	0.094
	

	
	HGSAW
	84/5166
	1.39 (1.10-1.74)
	0.005
	


Abbreviations: CI, Confidence Interval, HR, Hazard Ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness.
a Model 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes, except for the stratification variable.
Footnotes: All stratified analyses were conducted based on model 3, in each stratified analysis, the stratification variable was not included as a covariate.
[bookmark: _Hlk214631620][bookmark: _Toc242742053]Table S11 Stratified associations of handgrip strength phenotypes with vascular dementia
	Subgroup
	Model 3a

	
	Handgrip phenotype
	Cases/
Population
	HR (95% CI)
	P
	P interaction

	Age
	
	
	
	
	0.059

	<60 years old
	Normal HGS
	54/102783
	reference
	
	

	
	HGSA
	57/103857
	1.01 (0.70-1.47)
	0.946
	

	
	HGSW
	1/2386
	0.38 (0.05-2.75)
	0.336
	

	
	HGSAW
	10/3404
	2.61 (1.29-5.31)
	0.008
	

	≥60 years old
	Normal HGS
	476/66449
	reference
	
	

	
	HGSA
	575/75931
	1.08 (0.96-1.23)
	0.196
	

	
	HGSW
	58/3727
	1.74 (1.32-2.28)
	<0.001
	

	
	HGSAW
	69/5330
	1.51 (1.17-1.96)
	0.001
	

	Sex
	
	
	
	
	0.479

	Female
	Normal HGS
	174/79773
	reference
	
	

	
	HGSA
	248/101591
	0.98 (0.80-1.18)
	0.803
	

	
	HGSW
	22/3007
	1.70 (1.09-2.65)
	0.02
	

	
	HGSAW
	32/5309
	1.36 (0.93-1.98)
	0.116
	

	Male
	Normal HGS
	356/89459
	reference
	
	

	
	HGSA
	384/78197
	1.14 (0.99-1.32)
	0.07
	

	
	HGSW
	37/3106
	1.61 (1.14-2.26)
	0.007
	

	
	HGSAW
	47/3425
	1.78 (1.30-2.43)
	<0.001
	

	Body mass index
	
	
	
	
	0.064

	Underweight
	Normal HGS
	8/2264
	reference
	
	

	
	HGSA
	7/2665
	0.89 (0.34-2.33)
	0.81
	

	
	HGSW
	0/136
	0.00 (0.00-Inf)
	0.992
	

	
	HGSAW
	2/173
	1.75 (0.40-7.65)
	0.46
	

	Normal weight
	Normal HGS
	132/53295
	reference
	
	

	
	HGSA
	160/57646
	1.07 (0.85-1.35)
	0.544
	

	
	HGSW
	10/1755
	1.15 (0.60-2.20)
	0.667
	

	
	HGSAW
	11/2462
	0.97 (0.52-1.81)
	0.93
	

	Overweight
	Normal HGS
	244/74917
	reference
	
	

	
	HGSA
	256/76847
	0.98 (0.82-1.17)
	0.838
	

	
	HGSW
	19/2530
	1.27 (0.79-2.03)
	0.323
	

	
	HGSAW
	35/3615
	1.74 (1.21-2.49)
	0.003
	

	Obesity
	Normal HGS
	146/38756
	reference
	
	

	
	HGSA
	209/42630
	1.26 (1.02-1.56)
	0.035
	

	
	HGSW
	30/1692
	2.69 (1.81-4.01)
	<0.001
	

	
	HGSAW
	31/2484
	1.86 (1.26-2.77)
	0.002
	

	Level of physical activity
	
	
	
	
	0.741

	Low
	Normal HGS
	221/70960
	reference
	
	

	
	HGSA
	289/79265
	1.11 (0.93-1.33)
	0.237
	

	
	HGSW
	35/3005
	1.91 (1.33-2.74)
	<0.001
	

	
	HGSAW
	38/4542
	1.41 (0.99-2.00)
	0.055
	

	Moderate
	Normal HGS
	131/43842
	reference
	
	

	
	HGSA
	150/46365
	1.04 (0.82-1.31)
	0.773
	

	
	HGSW
	10/1471
	1.13 (0.59-2.16)
	0.71
	

	
	HGSAW
	17/1966
	1.69 (1.01-2.81)
	0.044
	

	High
	Normal HGS
	178/54430
	reference
	
	

	
	HGSA
	193/54158
	1.07 (0.87-1.32)
	0.51
	

	
	HGSW
	14/1637
	1.58 (0.91-2.73)
	0.101
	

	
	HGSAW
	24/2226
	1.92 (1.24-2.96)
	0.003
	

	Smoking status
	
	
	
	
	0.100

	Never
	Normal HGS
	208/92096
	reference
	
	

	
	HGSA
	272/100107
	1.14 (0.95-1.36)
	0.17
	

	
	HGSW
	24/3363
	1.57 (1.02-2.40)
	0.04
	

	
	HGSAW
	37/4761
	1.84 (1.29-2.62)
	<0.001
	

	Previous
	Normal HGS
	264/60004
	reference
	
	

	
	HGSA
	272/62371
	0.97 (0.81-1.14)
	0.684
	

	
	HGSW
	31/2161
	1.91 (1.31-2.78)
	<0.001
	

	
	HGSAW
	36/3111
	1.48 (1.04-2.11)
	0.03
	

	Current
	Normal HGS
	58/17132
	reference
	
	

	
	HGSA
	88/17310
	1.40 (1.01-1.96)
	0.046
	

	
	HGSW
	4/589
	0.93 (0.33-2.58)
	0.888
	

	
	HGSAW
	6/862
	1.19 (0.51-2.80)
	0.686
	

	Sleep duration
	
	
	
	
	0.603

	Less
	Normal HGS
	137/39106
	reference
	
	

	
	HGSA
	167/42636
	1.04 (0.83-1.31)
	0.708
	

	
	HGSW
	17/1618
	1.62 (0.97-2.69)
	0.064
	

	
	HGSAW
	19/2408
	1.25 (0.77-2.03)
	0.366
	

	Normal
	Normal HGS
	337/118407
	reference
	
	

	
	HGSA
	375/123912
	1.04 (0.90-1.21)
	0.588
	

	
	HGSW
	33/3823
	1.63 (1.14-2.34)
	0.008
	

	
	HGSAW
	45/5303
	1.65 (1.21-2.27)
	0.002
	

	More
	Normal HGS
	56/11719
	reference
	
	

	
	HGSA
	90/13240
	1.39 (0.99-1.95)
	0.055
	

	
	HGSW
	9/672
	1.74 (0.85-3.55)
	0.13
	

	
	HGSAW
	15/1023
	2.16 (1.21-3.88)
	0.01
	

	Drinking status
	
	
	
	
	0.182

	Never
	Normal HGS
	21/5428
	reference
	
	

	
	HGSA
	33/6694
	1.27 (0.73-2.20)
	0.399
	

	
	HGSW
	8/457
	3.51 (1.52-8.11)
	0.003
	

	
	HGSAW
	10/709
	2.99 (1.39-6.46)
	0.005
	

	Previous
	Normal HGS
	27/5033
	reference
	
	

	
	HGSA
	44/5897
	1.34 (0.83-2.18)
	0.229
	

	
	HGSW
	10/338
	3.63 (1.74-7.60)
	<0.001
	

	
	HGSAW
	6/553
	1.30 (0.53-3.18)
	0.572
	

	Current
	Normal HGS
	482/158771
	reference
	
	

	
	HGSA
	555/167197
	1.06 (0.93-1.19)
	0.384
	

	
	HGSW
	41/5318
	1.36 (0.98-1.87)
	0.063
	

	
	HGSAW
	63/7472
	1.57 (1.21-2.05)
	<0.001
	

	Healthy diet status
	
	
	
	
	0.520

	Yes
	Normal HGS
	206/69891
	reference
	
	

	
	HGSA
	229/71455
	1.04 (0.86-1.25)
	0.7
	

	
	HGSW
	26/2530
	1.79 (1.19-2.71)
	0.005
	

	
	HGSAW
	37/3568
	1.85 (1.29-2.64)
	<0.001
	

	No
	Normal HGS
	324/99341
	reference
	
	

	
	HGSA
	403/108333
	1.11 (0.96-1.28)
	0.173
	

	
	HGSW
	33/3583
	1.53 (1.06-2.19)
	0.022
	

	
	HGSAW
	42/5166
	1.42 (1.02-1.96)
	0.037
	


Abbreviations: CI, Confidence Interval, HR, Hazard Ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness.
a Model 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes, except for the stratification variable.
Footnotes: All stratified analyses were conducted based on model 3, in each stratified analysis, the stratification variable was not included as a covariate.

[bookmark: _Toc242742054]Table S12 Hazard ratios for the associations between handgrip strength phenotypes and dementia after excluding incident dementia cases within the first 2, 5, and 10 years of follow-up
	Outcome and comparison
	Model 1a
	Model 2b
	Model 3c

	
	HR (95% CI)

	Excluding incident dementia cases within the first 2 years of follow-up

	All-Cause Dementia
	
	
	

	HGSA vs normal HGS
	1.24 (1.18-1.31)
	1.18 (1.12-1.25)
	1.17 (1.11-1.24)

	HGSW vs normal HGS
	2.90 (2.52-3.33)
	1.68 (1.46-1.93)
	1.58 (1.38-1.82)

	HGSAW vs normal HGS
	2.93 (2.61-3.30)
	1.77 (1.58-2.00)
	1.66 (1.48-1.87)

	Alzheimer’s disease
	
	
	

	HGSA vs normal HGS
	1.26 (1.17-1.37)
	1.18 (1.08-1.27)
	1.18 (1.08-1.27)

	HGSW vs normal HGS
	2.57 (2.08-3.19)
	1.47 (1.19-1.83)
	1.43 (1.15-1.77)

	HGSAW vs normal HGS
	2.80 (2.35-3.33)
	1.62 (1.36-1.94)
	1.58 (1.33-1.89)

	Vascular Dementia
	
	
	

	HGSA vs normal HGS
	1.14 (1.01-1.28)
	1.11 (0.98-1.24)
	1.08 (0.96-1.22)

	HGSW vs normal HGS
	3.23 (2.46-4.23)
	1.81 (1.38-2.38)
	1.64 (1.24-2.15)

	HGSAW vs normal HGS
	2.91 (2.28-3.70)
	1.75 (1.37-2.23)
	1.54 (1.21-1.97)

	Excluding incident dementia cases within the first 5 years of follow-up

	All-Cause Dementia
	
	
	

	HGSA vs normal HGS
	1.24 (1.17-1.31)
	1.17 (1.11-1.24)
	1.17 (1.10-1.23)

	HGSW vs normal HGS
	2.91 (2.53-3.36)
	1.69 (1.46-1.95)
	1.60 (1.38-1.84)

	HGSAW vs normal HGS
	2.82 (2.49-3.19)
	1.70 (1.50-1.92)
	1.60 (1.41-1.81)

	[bookmark: OLE_LINK5]Alzheimer’s disease
	
	
	

	HGSA vs normal HGS
	1.26 (1.16-1.37)
	1.17 (1.08-1.28)
	1.17 (1.08-1.28)

	HGSW vs normal HGS
	2.66 (2.13-3.30)
	1.52 (1.22-1.89)
	1.48 (1.19-1.84)

	HGSAW vs normal HGS
	2.78 (2.31-3.33)
	1.60 (1.34-1.93)
	1.57 (1.31-1.89)

	Vascular Dementia
	
	
	

	HGSA vs normal HGS
	1.13 (1.00-1.28)
	1.09 (0.97-1.23)
	1.07 (0.95-1.21)

	HGSW vs normal HGS
	3.10 (2.33-4.13)
	1.74 (1.30-2.31)
	1.57 (1.18-2.10)

	HGSAW vs normal HGS
	2.79 (2.16-3.60)
	1.66 (1.28-2.15)
	1.47 (1.14-1.91)

	Excluding incident dementia cases within the first 10 years of follow-up

	All-Cause Dementia
	
	
	

	HGSA vs normal HGS
	1.24 (1.16-1.33)
	1.18 (1.10-1.26)
	1.17 (1.09-1.26)

	HGSW vs normal HGS
	2.39 (1.96-2.91)
	1.39 (1.14-1.69)
	1.34 (1.10-1.64)

	HGSAW vs normal HGS
	2.54 (2.16-2.99)
	1.53 (1.29-1.80)
	1.47 (1.25-1.73)

	[bookmark: OLE_LINK6]Alzheimer’s disease
	
	
	

	HGSA vs normal HGS
	1.39 (1.25-1.54)
	1.29 (1.16-1.43)
	1.29 (1.16-1.43)

	HGSW vs normal HGS
	2.06 (1.50-2.84)
	1.18 (0.86-1.63)
	1.18 (0.86-1.63)

	HGSAW vs normal HGS
	2.47 (1.93-3.17)
	1.44 (1.12-1.85)
	1.44 (1.12-1.85)

	Vascular Dementia
	
	
	

	HGSA vs normal HGS
	1.13 (1.00-1.28)
	1.09 (0.97-1.23)
	1.07 (0.95-1.21)

	HGSW vs normal HGS
	3.10 (2.33-4.13)
	1.74 (1.30-2.31)
	1.57 (1.18-2.10)

	HGSAW vs normal HGS
	2.79 (2.16-3.60)
	1.66 (1.28-2.15)
	1.47 (1.14-1.91)


Abbreviations: CI, confidence interval; HR, hazard ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness.
aModels 1 unadjusted
bModels 2 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education 
cModels 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes

[bookmark: _Toc242742055]Table S13 Sensitivity analyses using alternative HGSA thresholds
	Outcome and comparison
	Model 1a
	Model 2b
	Model 3c

	
	HR (95% CI)

	HGSA threshold = 15%
	
	
	

	All-Cause Dementia
	
	
	

	HGSA vs normal HGS
	1.23 (1.16-1.30)
	1.18 (1.12-1.25)
	1.17 (1.11-1.24)

	HGSW vs normal HGS
	2.91 (2.57-3.29)
	1.71 (1.51-1.93)
	1.60 (1.41-1.82)

	HGSAW vs normal HGS
	2.80 (2.48-3.17)
	1.72 (1.52-1.94)
	1.61 (1.43-1.83)

	Alzheimer’s disease
	
	
	

	HGSA vs normal HGS
	1.22 (1.12-1.32)
	1.13 (1.04-1.22)
	1.13 (1.04-1.23)

	HGSW vs normal HGS
	2.42 (1.99-2.94)
	1.40 (1.15-1.70)
	1.35 (1.11-1.65)

	HGSAW vs normal HGS
	2.71 (2.26-3.25)
	1.58 (1.32-1.90)
	1.54 (1.29-1.85)

	Vascular Dementia
	
	
	

	HGSA vs normal HGS
	1.14 (1.01-1.28)
	1.13 (1.00-1.27)
	1.11 (0.98-1.25)

	HGSW vs normal HGS
	3.40 (2.67-4.32)
	1.93 (1.52-2.46)
	1.73 (1.36-2.21)

	HGSAW vs normal HGS
	2.75 (2.13-3.56)
	1.69 (1.30-2.18)
	1.49 (1.15-1.93)

	HGSA threshold = 20%
	
	
	

	All-Cause Dementia
	
	
	

	HGSA vs normal HGS
	1.30 (1.22-1.38)
	1.21 (1.14-1.29)
	1.20 (1.13-1.27)

	HGSW vs normal HGS
	2.82 (2.53-3.14)
	1.70 (1.52-1.89)
	1.61 (1.44-1.79)

	HGSAW vs normal HGS
	2.82 (2.43-3.28)
	1.68 (1.45-1.95)
	1.55 (1.34-1.81)

	Alzheimer’s disease
	
	
	

	HGSA vs normal HGS
	1.30 (1.19-1.42)
	1.17 (1.07-1.27)
	1.17 (1.07-1.27)

	HGSW vs normal HGS
	2.44 (2.07-2.89)
	1.44 (1.21-1.70)
	1.40 (1.18-1.65)

	HGSAW vs normal HGS
	2.78 (2.23-3.45)
	1.59 (1.28-1.98)
	1.54 (1.24-1.92)

	Vascular Dementia
	
	
	

	HGSA vs normal HGS
	1.24 (1.09-1.41)
	1.20 (1.05-1.37)
	1.17 (1.02-1.33)

	HGSW vs normal HGS
	3.30 (2.68-4.06)
	1.94 (1.57-2.39)
	1.77 (1.44-2.19)

	HGSAW vs normal HGS
	2.65 (1.92-3.66)
	1.56 (1.13-2.15)
	1.32 (0.96-1.83)


Abbreviations: CI, confidence interval; HR, hazard ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness.
aModels 1 unadjusted
bModels 2 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education 
cModels 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes
[bookmark: _Toc242742056]Table S14 Associations of continuous handgrip strength measures with incident dementia 
	Outcome
	Model 1a
	Model 2b
	Model 3c

	
	HR (95% CI)

	All-Cause Dementia
	

	Handgrip Strength Ratio
(per 1-unit increase)
	1.30 (1.19-1.43)
	1.34 (1.23-1.46)
	1.30 (1.19-1.42)

	Handgrip Strength Ratio 
(per 1-SD increase)
	1.06 (1.04-1.09)
	1.07 (1.05-1.09)
	1.06 (1.04-1.08)

	Alzheimer’s disease
	
	
	

	Handgrip Strength Ratio
(per 1-unit increase)
	1.39 (1.22-1.59)
	1.34 (1.18-1.53)
	1.33 (1.17-1.52)

	Handgrip Strength Ratio 
(per 1-SD increase)
	1.08 (1.05-1.11)
	1.07 (1.04-1.10)
	1.07 (1.04-1.10) 

	Vascular Dementia
	
	
	

	Handgrip Strength Ratio
(per 1-unit increase)
	0.97 (0.77-1.22)
	1.13 (0.92-1.39)
	1.06 (0.86-1.30)

	Handgrip Strength Ratio 
(per 1-SD increase)
	0.99 (0.93-1.04)
	1.03 (0.98-1.08)
	1.01 (0.97-1.06) 


Abbreviations: CI, confidence interval; HR, hazard ratio.
aModels 1 unadjusted
bModels 2 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education 
cModels 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes
[bookmark: _Toc242742057]Table S15 Sensitivity analyses using a handedness-agnostic definition of HGSA 
	Outcome and comparison
	Model 1a
	Model 2b
	Model 3c

	
	HR (95% CI)

	All-Cause Dementia
	
	
	

	HGSA vs normal HGS
	1.09 (1.02-1.15)
	1.10 (1.03-1.17)
	1.10 (1.03-1.16)

	HGSW vs normal HGS
	2.80 (2.46-3.19)
	1.60 (1.41-1.83)
	1.51 (1.33-1.73)

	HGSAW vs normal HGS
	2.48 (2.30-2.66)
	1.60 (1.49-1.72)
	1.53 (1.42-1.65)

	Alzheimer’s disease
	
	
	

	HGSA vs normal HGS
	1.12 (1.03-1.23)
	1.11 (1.02-1.21)
	1.12 (1.02-1.22)

	HGSW vs normal HGS
	2.48 (2.03-3.03)
	1.41 (1.15-1.72)
	1.37 (1.12-1.68)

	HGSAW vs normal HGS
	2.39 (2.15-2.66)
	1.48 (1.33-1.65)
	1.46 (1.31-1.63)

	Vascular Dementia
	
	
	

	HGSA vs normal HGS
	0.97 (0.85-1.10)
	1.00 (0.88-1.14)
	1.00 (0.88-1.13)

	HGSW vs normal HGS
	3.12 (2.42-4.03)
	1.72 (1.33-2.22)
	1.56 (1.21-2.02)

	HGSAW vs normal HGS
	2.54 (2.19-2.95)
	1.64 (1.41-1.91)
	1.50 (1.29-1.75)


Abbreviations: CI, confidence interval; HR, hazard ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness.
aModels 1 unadjusted
bModels 2 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education 
cModels 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes
[bookmark: _Toc242742058]Table S16 Sensitivity analyses excluding participants with extreme maximal HGS values (maximal HGS < 8 kg or > 60 kg) 
	Outcome and comparison
	Model 1a
	Model 2b
	Model 3c

	
	HR (95% CI)

	All-Cause Dementia
	
	
	

	HGSA vs normal HGS
	1.24 (1.17-1.31)
	1.18 (1.12-1.25)
	1.17 (1.11-1.24)

	HGSW vs normal HGS
	2.93 (2.55-3.37)
	1.71 (1.49-1.97)
	1.61 (1.40-1.86)

	HGSAW vs normal HGS
	3.02 (2.65-3.43)
	1.81 (1.59-2.06)
	1.70 (1.49-1.94)

	Alzheimer’s disease
	
	
	

	HGSA vs normal HGS
	1.27 (1.17-1.38)
	1.18 (1.09-1.28)
	1.18 (1.09-1.28)

	HGSW vs normal HGS
	2.53 (2.03-3.14)
	1.46 (1.17-1.82)
	1.42 (1.14-1.77)

	HGSAW vs normal HGS
	2.64 (2.16-3.23)
	1.56 (1.27-1.90)
	1.52 (1.24-1.86)

	Vascular Dementia
	
	
	

	HGSA vs normal HGS
	1.13 (1.00-1.27)
	1.10 (0.98-1.23)
	1.07 (0.96-1.21)

	HGSW vs normal HGS
	3.29 (2.52-4.31)
	1.86 (1.42-2.43)
	1.67 (1.27-2.19)

	HGSAW vs normal HGS
	3.15 (2.44-4.08)
	1.84 (1.42-2.38)
	1.63 (1.26-2.12)


Abbreviations: CI, confidence interval; HR, hazard ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness.
aModels 1 unadjusted
bModels 2 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education 
cModels 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes
[bookmark: _Toc242742059]Table S17 Competing-risk analyses accounting for death as a competing event
	Outcome and comparison
	Model 1a
	Model 2b
	Model 3c

	
	HR (95% CI)

	All-Cause Dementia
	
	
	

	HGSA vs normal HGS
	1.24 (1.18-1.31)
	1.18 (1.12-1.25)
	1.17 (1.11-1.24)

	HGSW vs normal HGS
	2.94 (2.56-3.37)
	1.70 (1.48-1.96)
	1.60 (1.39-1.84)

	HGSAW vs normal HGS
	2.98 (2.65-3.34)
	1.80 (1.60-2.02)
	1.69 (1.50-1.90)

	Alzheimer’s disease
	
	
	

	HGSA vs normal HGS
	1.27 (1.17-1.37)
	1.18 (1.09-1.28)
	1.18 (1.08-1.27)

	HGSW vs normal HGS
	2.57 (2.08-3.18)
	1.47 (1.19-1.83)
	1.43 (1.15-1.77)

	HGSAW vs normal HGS
	2.79 (2.34-3.32)
	1.61 (1.35-1.92)
	1.57 (1.32-1.87)

	Vascular Dementia
	
	
	

	HGSA vs normal HGS
	1.13 (1.01-1.27)
	1.10 (0.98-1.24)
	1.08 (0.96-1.21)

	HGSW vs normal HGS
	3.23 (2.47-4.23)
	1.81 (1.38-2.38)
	1.63 (1.24-2.15)

	HGSAW vs normal HGS
	3.02 (2.38-3.82)
	1.81 (1.42-2.30)
	1.59 (1.25-2.03)


[bookmark: _Hlk216095986]Abbreviations: CI, confidence interval; HR, hazard ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSAW, handgrip strength asymmetry and weakness; HGSW, handgrip strength weakness.
aModels 1 unadjusted
bModels 2 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education 
cModels 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes



[bookmark: _Hlk212714710][bookmark: _Toc242742060]Table S18 Baseline characteristics of participants included in cognitive analyses
	
	Overall
	normal HGS
	HGSA
	HGSW
	HGSAW
	pb

	Variable, n (%)
	N=31,219
	N=14,203
	N=15,781
	N=532
	N=703
	

	Age (years)
	55.76 (8.32)
	55.41 (8.33)
	55.82 (8.31)
	58.94 (7.56)
	59.39 (7.50)
	<0.001

	Sex (Female)
	16325 (52.3)
	6705 (47.2)
	8896 (56.4)
	279 (52.4)
	445 (63.3)
	<0.001

	Area of residence (Urban)
	27021 (86.6)
	12297 (86.6)
	13592 (86.1)
	492 (92.5)
	640 (91.0)
	<0.001

	Ethnicity (White)
	30111 (96.5)
	13710 (96.5)
	15291 (96.9)
	476 (89.5)
	634 (90.2)
	<0.001

	Townsend Deprivation Index
	-1.71 (2.66)
	-1.71 (2.67)
	-1.77 (2.63)
	-0.86 (2.84)
	-0.97 (2.71)
	<0.001

	Education
	
	
	
	
	
	<0.001

	Any school degree
	14703 (47.1)
	6778 (47.7)
	7373 (46.7)
	243 (45.7)
	309 (44.0)
	

	College education
	11287 (36.2)
	5112 (36.0)
	5797 (36.7)
	163 (30.6)
	215 (30.6)
	

	Vocational qualification
	1644 (5.3)
	744 (5.2)
	822 (5.2)
	29 (5.5)
	49 (7.0)
	

	Other
	3585 (11.5)
	1569 (11.0)
	1789 (11.3)
	97 (18.2)
	130 (18.5)
	

	Body mass indexa
	
	
	
	
	
	0.003

	Underweight
	423 (1.4)
	185 (1.3)
	217 (1.4)
	8 (1.5)
	13 (1.8)
	

	Normal weight
	10401 (33.3)
	4668 (32.9)
	5345 (33.9)
	172 (32.3)
	216 (30.7)
	

	Overweight
	13559 (43.4)
	6229 (43.9)
	6787 (43.0)
	224 (42.1)
	319 (45.4)
	

	Obesity
	6836 (21.9)
	3121 (22.0)
	3432 (21.7)
	128 (24.1)
	155 (22.0)
	

	Level of physical activity
	
	
	
	
	
	<0.001

	Low
	12156 (38.9)
	5365 (37.8)
	6232 (39.5)
	245 (46.1)
	314 (44.7)
	

	Moderate
	8208 (26.3)
	3643 (25.6)
	4240 (26.9)
	143 (26.9)
	182 (25.9)
	

	High
	10855 (34.8)
	5195 (36.6)
	5309 (33.6)
	144 (27.1)
	207 (29.4)
	

	Smoking status
	
	
	
	
	
	0.013

	Never
	17453 (55.9)
	7801 (54.9)
	8943 (56.7)
	310 (58.3)
	399 (56.8)
	

	Previous
	10929 (35.0)
	5047 (35.5)
	5465 (34.6)
	181 (34.0)
	236 (33.6)
	

	Current
	2837 (9.1)
	1355 (9.5)
	1373 (8.7)
	41 (7.7)
	68 (9.7)
	

	[bookmark: _Hlk213360377]Sleep duration
	
	
	
	
	
	<0.001

	Less
	7090 (22.7)
	3244 (22.8)
	3553 (22.5)
	121 (22.7)
	172 (24.5)
	

	Normal
	22009 (70.5)
	10019 (70.5)
	11178 (70.8)
	350 (65.8)
	462 (65.7)
	

	More
	2120 (6.8)
	940 (6.6)
	1050 (6.7)
	61 (11.5)
	69 (9.8)
	

	Drinking status
	
	
	
	
	
	<0.001

	Never
	981 (3.1)
	382 (2.7)
	508 (3.2)
	33 (6.2)
	205 (5.8)
	

	Previous
	922 (3.0)
	395 (2.8)
	457 (2.9)
	26 (4.9)
	157 (4.4)
	

	Current
	29316 (93.9)
	13426 (94.5)
	14816 (93.9)
	473 (88.9)
	3171 (89.8)
	

	Hypertension (yes)
	480 (1.5)
	211 (1.5)
	240 (1.5)
	16 (3.0)
	13 (1.8)
	0.004

	Diabetes (yes)
	135 (0.4)
	53 (0.4)
	63 (0.4)
	8 (1.5)
	11 (1.6)
	<0.001

	Healthy diet status (yes)
	12482 (40.0)
	5840 (41.1)
	6163 (39.1)
	219 (41.2)
	260 (37.0)
	<0.001

	Cognitive ability Score
	0.19 (1.3)
	0.21 (1.24)
	0.21 (1.25)
	-0.31 (1.48)
	-0.39 (1.41)
	<0.001


Abbreviations: HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSW, handgrip strength weakness; HGSAW, handgrip strength asymmetry and weakness.
a Body mass index is calculated as weight in kilograms divided by height in meters squared.
b Continuous variables are presented as mean (SD) and compared using one-way analysis of variance (or the Kruskal–Wallis test). Categorical variables are presented as n (%) and compared using the chi-square test (or Fisher’s exact test when expected cell counts were small).


[bookmark: _Hlk212714821][bookmark: _Toc242742061]Table S19 Associations of handgrip strength phenotypes with cognitive outcomes
	Outcome and comparison
	Model 1a
	Model 2b
	Model 3c

	
	β / OR (95% CI)

	[bookmark: _Hlk213772325]General cognitive score
	
	
	

	HGSA vs normal HGS
	-0.00 (-0.03, 0.02)
	0.02 (-0.01, 0.04)
	0.01 (-0.01, 0.04)

	HGSW vs normal HGS
	-0.52 (-0.63, -0.41)
	-0.21 (-0.31, -0.11)
	-0.22 (-0.32, -0.12)

	HGSAW vs normal HGS
	-0.61 (-0.70, -0.51)
	-0.27 (-0.36, -0.19)
	-0.27 (-0.36, -0.19)

	[bookmark: _Hlk214828697]Pairs memory test
	
	
	

	HGSA vs normal HGS
	0.00 (-0.01, 0.02)
	0.01 (-0.00, 0.02)
	0.01 (-0.01, 0.02)

	HGSW vs normal HGS
	-0.11 (-0.16, -0.05)
	-0.04 (-0.09, 0.01)
	-0.04 (-0.10, 0.01)

	HGSAW vs normal HGS
	-0.17 (-0.22, -0.12)
	-0.10 (-0.14, -0.05)
	-0.10 (-0.14, -0.05)

	[bookmark: _Hlk211704565]Reaction time test
	
	
	

	HGSA vs normal HGS
	-0.01 (-0.02, -0.01)
	-0.01 (-0.01, -0.00)
	-0.01 (-0.01, -0.00)

	HGSW vs normal HGS
	-0.08 (-0.10, -0.07)
	-0.04 (-0.06, -0.03)
	-0.04 (-0.06, -0.03)

	HGSAW vs normal HGS
	-0.10 (-0.11, -0.08)
	-0.05 (-0.06, -0.04)
	-0.05 (-0.06, -0.04)

	[bookmark: _Hlk214828647]Numeric memory test
	
	
	

	HGSA vs normal HGS
	-0.00 (-0.04, 0.03)
	0.01 (-0.02, 0.05)
	0.01 (-0.02, 0.05)

	HGSW vs normal HGS
	-0.46 (-0.59, -0.32)
	-0.27 (-0.40, -0.14)
	-0.28 (-0.41, -0.14)

	HGSAW vs normal HGS
	-0.42 (-0.54, -0.30)
	-0.22 (-0.33, -0.10)
	-0.21 (-0.33, -0.10)

	[bookmark: _Hlk214828618]Prospective memory test
	
	
	

	HGSA vs normal HGS
	0.98 (0.92, 1.04)
	1.00 (0.94, 1.06)
	0.99 (0.93, 1.05)

	HGSW vs normal HGS
	0.56 (0.46, 0.67)
	0.77 (0.63, 0.94)
	0.76 (0.62, 0.93)

	HGSAW vs normal HGS
	0.53 (0.45, 0.63)
	0.77 (0.64, 0.91)
	0.77 (0.65, 0.91)

	[bookmark: _Hlk213771632]Fluid intelligence test
	
	
	

	HGSA vs normal HGS
	0.07 (0.02, 0.12)
	0.08 (0.03, 0.12)
	0.07 (0.02, 0.11)

	HGSW vs normal HGS
	-0.27 (-0.45, -0.09)
	0.06 (-0.11, 0.22)
	0.02 (-0.14, 0.19)

	HGSAW vs normal HGS
	-0.39 (-0.55, -0.24)
	-0.05 (-0.19, 0.10)
	-0.07 (-0.21, 0.08)


[bookmark: _Hlk214830723][bookmark: _Hlk213792676]Abbreviations: CI, Confidence Interval, β, Regression Coefficient., OR, Odds Ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSW, handgrip strength weakness; HGSAW, handgrip strength asymmetry and weakness.
aModels 1 unadjusted
bModels 2 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education 
cModels 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes
Footnotes: Logistic regression analysis was used for the prospective memory test as a three-categorical variable, while linear regression was used for the other tests.
[bookmark: _Toc242742062]Table S20 Stratified associations of handgrip strength phenotypes with general cognitive ability
	Subgroup
	Model 3a

	
	Handgrip phenotype
	Population
	HR (95% CI)
	P
	P interaction

	Age
	
	
	
	
	0.673

	<60 years old
	Normal HGS
	8716
	reference
	
	

	
	HGSA
	9338
	0.02 (-0.01 to 0.05)
	0.268
	

	
	HGSW
	232
	-0.20 (-0.34 to -0.05)
	0.007
	

	
	HGSAW
	287
	-0.32 (-0.45 to -0.19)
	<0.001
	

	≥60 years old
	Normal HGS
	5487
	reference
	
	

	
	HGSA
	6443
	0.00 (-0.04 to 0.05)
	0.851
	

	
	HGSW
	300
	-0.23 (-0.37 to -0.10)
	<0.001
	

	
	HGSAW
	416
	-0.22 (-0.34 to -0.11)
	<0.001
	

	Sex
	
	
	
	
	0.421

	Female
	Normal HGS
	6705
	reference
	
	

	
	HGSA
	8896
	0.01 (-0.02 to 0.05)
	0.561
	

	
	HGSW
	279
	-0.21 (-0.34 to -0.08)
	0.002
	

	
	HGSAW
	445
	-0.26 (-0.36 to -0.15)
	<0.001
	

	Male
	Normal HGS
	7498
	reference
	
	

	
	HGSA
	6885
	0.01 (-0.03 to 0.05)
	0.575
	

	
	HGSW
	253
	-0.24 (-0.39 to -0.10)
	<0.001
	

	
	HGSAW
	258
	-0.31 (-0.46 to -0.17)
	<0.001
	

	Body mass index
	
	
	
	
	0.302

	Normal weight
	Normal HGS
	4668
	reference
	
	

	
	HGSA
	5345
	0.04 (0.00 to 0.09)
	0.045
	

	
	HGSW
	172
	-0.21 (-0.37 to -0.04)
	0.016
	

	
	HGSAW
	216
	-0.18 (-0.33 to -0.03)
	0.02
	

	Overweight
	Normal HGS
	6229
	reference
	
	

	
	HGSA
	6787
	-0.00 (-0.04 to 0.03)
	0.84
	

	
	HGSW
	224
	-0.21 (-0.36 to -0.06)
	0.007
	

	
	HGSAW
	319
	-0.26 (-0.39 to -0.13)
	<0.001
	

	Obesity
	Normal HGS
	3121
	reference
	
	

	
	HGSA
	3432
	0.00 (-0.06 to 0.06)
	0.997
	

	
	HGSW
	128
	-0.26 (-0.47 to -0.06)
	0.013
	

	
	HGSAW
	155
	-0.48 (-0.67 to -0.29)
	<0.001
	

	Level of physical activity
	
	
	
	
	0.878

	Low
	Normal HGS
	5365
	reference
	
	

	
	HGSA
	6232
	0.01 (-0.03 to 0.05)
	0.64
	

	
	HGSW
	245
	-0.25 (-0.40 to -0.11)
	<0.001
	

	
	HGSAW
	314
	-0.21 (-0.34 to -0.08)
	0.001
	

	Moderate
	Normal HGS
	3643
	reference
	
	

	
	HGSA
	4240
	0.02 (-0.03 to 0.07)
	0.484
	

	
	HGSW
	143
	-0.21 (-0.39 to -0.03)
	0.026
	

	
	HGSAW
	182
	-0.27 (-0.44 to -0.11)
	0.001
	

	High
	Normal HGS
	5195
	reference
	
	

	
	HGSA
	5309
	0.01 (-0.03 to 0.06)
	0.588
	

	
	HGSW
	144
	-0.17 (-0.36 to 0.02)
	0.078
	

	
	HGSAW
	207
	-0.35 (-0.51 to -0.19)
	<0.001
	

	Smoking status
	
	
	
	
	0.424

	Never
	Normal HGS
	7801
	reference
	
	

	
	HGSA
	8943
	0.02 (-0.02 to 0.05)
	0.341
	

	
	HGSW
	310
	-0.27 (-0.40 to -0.15)
	<0.001
	

	
	HGSAW
	399
	-0.30 (-0.42 to -0.19)
	<0.001
	

	Previous
	Normal HGS
	5047
	reference
	
	

	
	HGSA
	5465
	-0.01 (-0.05 to 0.04)
	0.811
	

	
	HGSW
	181
	-0.16 (-0.33 to 0.00)
	0.051
	

	
	HGSAW
	236
	-0.25 (-0.39 to -0.10)
	<0.001
	

	Current
	Normal HGS
	1355
	reference
	
	

	
	HGSA
	1373
	0.04 (-0.05 to 0.13)
	0.341
	

	
	HGSW
	41
	-0.01 (-0.38 to 0.37)
	0.975
	

	
	HGSAW
	68
	-0.15 (-0.45 to 0.15)
	0.318
	

	Sleep duration
	
	
	
	
	0.725

	Less
	Normal HGS
	3244
	reference
	
	

	
	HGSA
	3553
	0.01 (-0.04 to 0.07)
	0.654
	

	
	HGSW
	121
	-0.27 (-0.47 to -0.06)
	0.012
	

	
	HGSAW
	172
	-0.26 (-0.44 to -0.08)
	0.004
	

	Normal
	Normal HGS
	10019
	reference
	
	

	
	HGSA
	11178
	0.02 (-0.01 to 0.05)
	0.272
	

	
	HGSW
	350
	-0.23 (-0.35 to -0.11)
	<0.001
	

	
	HGSAW
	462
	-0.24 (-0.35 to -0.14)
	<0.001
	

	More
	Normal HGS
	940
	reference
	
	

	
	HGSA
	1050
	-0.03 (-0.14 to 0.07)
	0.514
	

	
	HGSW
	61
	-0.14 (-0.45 to 0.16)
	0.359
	

	
	HGSAW
	69
	-0.46 (-0.75 to -0.17)
	0.002
	

	Drinking status
	
	
	
	
	0.084

	Never
	Normal HGS
	382
	reference
	
	

	
	HGSA
	508
	0.15 (-0.03 to 0.33)
	0.103
	

	
	HGSW
	33
	-0.33 (-0.81 to 0.16)
	0.188
	

	
	HGSAW
	58
	-0.37 (-0.74 to 0.01)
	0.056
	

	Previous
	Normal HGS
	395
	reference
	
	

	
	HGSA
	457
	-0.03 (-0.20 to 0.13)
	0.675
	

	
	HGSW
	26
	-0.17 (-0.65 to 0.31)
	0.479
	

	
	HGSAW
	44
	-0.21 (-0.58 to 0.17)
	0.275
	

	Current
	Normal HGS
	13426
	reference
	
	

	
	HGSA
	14816
	0.01 (-0.02 to 0.03)
	0.499
	

	
	HGSW
	473
	-0.21 (-0.31 to -0.11)
	<0.001
	

	
	HGSAW
	601
	-0.26 (-0.35 to -0.17)
	<0.001
	

	Healthy diet status
	
	
	
	
	0.513

	Yes
	Normal HGS
	5840
	reference
	
	

	
	HGSA
	6163
	0.01 (-0.03 to 0.05)
	0.748
	

	
	HGSW
	219
	-0.21 (-0.36 to -0.06)
	0.007
	

	
	HGSAW
	260
	-0.18 (-0.32 to -0.04)
	0.011
	

	No
	Normal HGS
	8363
	reference
	
	

	
	HGSA
	9618
	0.02 (-0.02 to 0.05)
	0.300
	

	
	HGSW
	313
	-0.23 (-0.36 to -0.10)
	<0.001
	

	
	HGSAW
	443
	-0.32 (-0.43 to -0.22)
	<0.001
	


Abbreviations: CI, Confidence Interval, HR, Hazard Ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSW, handgrip strength weakness; HGSAW, handgrip strength asymmetry and weakness.
a Model 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes, except for the stratification variable.
Footnotes: All stratified analyses were conducted based on model 3, in each stratified analysis, the stratification variable was not included as a covariate.


[bookmark: _Toc242742063]Table S21 Baseline characteristics of participants included in neuroimaging analyses
	
	Overall
	normal HGS
	HGSA
	HGSW
	HGSAW
	pb

	Variable, n (%)
	N=34,581
	N=15,157
	N=17,331
	N=873
	N=1,220
	

	Age (years)
	64.54 (7.66)
	63.91 (7.62)
	64.60 (7.59)
	68.27 (7.37)
	68.77 (7.06)
	<0.001

	Sex (Female)
	17279 (50.0)
	6876 (45.4)
	9368 (54.1)
	374 (42.8)
	661 (54.2)
	<0.001

	Area of residence (Urban)
	31600 (91.4)
	13852 (91.4)
	15836 (91.4)
	795 (91.1)
	1117 (91.6)
	0.984

	Ethnicity (White)
	28065 (81.2)
	12214 (80.6)
	13981 (80.7)
	783 (89.7)
	1087 (89.1)
	<0.001

	Townsend Deprivation Index
	-1.94 (2.69)
	-1.93 (2.69)
	-1.95 (2.71)
	-1.99 (2.61)
	-1.99 (2.53)
	0.753

	Education
	
	
	
	
	
	<0.001

	Any school degree
	14236 (41.2)
	6197 (40.9)
	7147 (41.2)
	372 (42.6)
	520 (42.6)
	

	College education
	17234 (49.8)
	7757 (51.2)
	8569 (49.4)
	386 (44.2)
	522 (42.8)
	

	Vocational qualification
	1543 (4.5)
	585 (3.9)
	833 (4.8)
	44 (5.0)
	81 (6.6)
	

	Other
	1568 (4.5)
	618 (4.1)
	782 (4.5)
	71 (8.1)
	97 (8.0)
	

	Body mass indexa
	
	
	
	
	
	<0.001

	Underweight
	742 (2.1)
	319 (2.1)
	374 (2.2)
	21 (2.4)
	28 (2.3)
	

	Normal weight
	13109 (37.9)
	5724 (37.8)
	6627 (38.2)
	316 (36.2)
	442 (36.2)
	

	Overweight
	14490 (41.9)
	6434 (42.4)
	7201 (41.5)
	366 (41.9)
	489 (40.1)
	

	Obesity
	6240 (18.0)
	2680 (17.7)
	3129 (18.1)
	170 (19.5)
	261 (21.4)
	

	Level of physical activity
	
	
	
	
	
	<0.001

	Low
	11682 (33.8)
	4995 (33.0)
	5903 (34.1)
	312 (35.7)
	472 (38.7)
	

	Moderate
	10246 (29.6)
	4565 (30.1)
	5053 (29.2)
	268 (30.7)
	360 (29.5)
	

	High
	12653 (36.6)
	5597 (36.9)
	6375 (36.8)
	293 (33.6)
	388 (31.8)
	

	Smoking status
	
	
	
	
	
	0.001

	Never
	21905 (63.3)
	9445 (62.3)
	11150 (64.3)
	535 (61.3)
	775 (63.5)
	

	Previous
	11572 (33.5)
	5203 (34.3)
	5639 (32.5)
	320 (36.7)
	410 (33.6)
	

	Current
	1104 (3.2)
	509 (3.4)
	542 (3.1)
	18 (2.1)
	35 (2.9)
	

	Sleep duration
	
	
	
	
	
	<0.001

	Less
	8096 (23.4)
	3488 (23.0)
	4094 (23.6)
	216 (24.7)
	298 (24.4)
	

	Normal
	24012 (69.4)
	10647 (70.2)
	11984 (69.1)
	579 (66.3)
	802 (65.7)
	

	More
	2473 (7.2)
	1022 (6.7)
	1253 (7.2)
	78 (8.9)
	120 (9.8)
	

	Drinking status
	
	
	
	
	
	<0.001

	Never
	963 (2.8)
	376 (2.5)
	504 (2.9)
	25 (2.9)
	58 (4.8)
	

	Previous
	1112 (3.2)
	451 (3.0)
	570 (3.3)
	29 (3.3)
	62 (5.1)
	

	Current
	32506 (94.0)
	14330 (94.5)
	16257 (93.8)
	819 (93.8)
	1100 (90.2)
	

	Hypertension (yes)
	1518 (4.4)
	601 (4.0)
	764 (4.4)
	61 (7.0)
	92 (7.5)
	<0.001

	Diabetes (yes)
	395 (1.1)
	138 (0.9)
	202 (1.2)
	29 (3.3)
	26 (2.1)
	<0.001

	Healthy diet status (yes)
	11871 (34.3)
	5208 (34.4)
	5911 (34.1)
	324 (37.1)
	428 (35.1)
	0.296

	TBV
	0.02 (1.01)
	0.06 (1.02)
	0.02 (0.99)
	-0.29 (1.03)
	-0.28 (0.98)
	<0.001

	HV
	0.01 (1.00)
	0.02 (0.99)
	0.02 (1.00)
	-0.18 (1.05)
	-0.12 (1.04)
	<0.001

	WMHV
	-0.04 (0.99)
	-0.10 (0.99)
	-0.02 (0.99)
	0.25 (1.00)
	0.29 (0.98)
	<0.001


[bookmark: OLE_LINK4]Abbreviations: TBV, Total brain volume; HV, Hippocampal volumes; WMHV, white matter hyperintensity volumes; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSW, handgrip strength weakness; HGSAW, handgrip strength asymmetry and weakness.
a Body mass index is calculated as weight in kilograms divided by height in meters squared.
b Continuous variables are presented as mean (SD) and compared using one-way analysis of variance (or the Kruskal–Wallis test). Categorical variables are presented as n (%) and compared using the chi-square test (or Fisher’s exact test when expected cell counts were small).

[bookmark: _Toc242742064]Table S22 Associations of handgrip strength phenotypes with structural MRI markers
	Outcome and comparison
	Model 1a
	Model 2b
	Model 3c

	
	β (95% CI)

	Normalized TBV
	
	
	

	HGSA vs normal HGS
	-0.04 (-0.06, -0.02)
	-0.01 (-0.03, 0.01)
	-0.01 (-0.03, 0.01)

	HGSW vs normal HGS
	-0.36 (-0.42, -0.29)
	-0.07 (-0.13, -0.01)
	-0.06 (-0.12, 0.00)

	HGSAW vs normal HGS
	-0.35 (-0.40, -0.29)
	-0.05 (-0.10, 0.00)
	-0.04 (-0.09, 0.01)

	[bookmark: OLE_LINK3]Normalized HV
	
	
	

	HGSA vs normal HGS
	0.00 (-0.02, 0.02)
	-0.02 (-0.04, 0.00)
	-0.02 (-0.04, 0.00)

	HGSW vs normal HGS
	-0.19 (-0.26, -0.12)
	-0.04 (-0.10, 0.02)
	-0.04 (-0.10, 0.03)

	HGSAW vs normal HGS
	-0.14 (-0.19, -0.08)
	-0.02 (-0.08, 0.03)
	-0.01 (-0.07, 0.04)

	Normalized log-WMHV
	
	
	

	HGSA vs normal HGS
	0.08 (0.06, 0.10)
	0.05 (0.03, 0.07)
	0.04 (0.03, 0.06)

	HGSW vs normal HGS
	0.36 (0.29, 0.42)
	0.08 (0.03, 0.14)
	0.07 (0.01, 0.13)

	HGSAW vs normal HGS
	0.39 (0.33, 0.45)
	0.10 (0.05, 0.15)
	0.08 (0.03, 0.13)


[bookmark: OLE_LINK9]Abbreviations: CI, Confidence Interval; β, Regression Coefficient.; OR, Odds Ratio; TBV, total brain volume; HV, hippocampal volume; WMHV, white matter hyperintensity volume; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSW, handgrip strength weakness; HGSAW, handgrip strength asymmetry and weakness.
aModels 1 unadjusted
bModels 2 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education 
cModels 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes
Footnotes: TBV and HV were adjusted for ICV. WMHV was transformed as log(WMHV + 1). All outcomes were standardized to z scores before regression analysis.
[bookmark: _Toc242742065]Table S23 Stratified associations of handgrip strength phenotypes with structural MRI markers
	Subgroup
	Model 3a

	
	Handgrip phenotype
	Population
	HR (95% CI)
	P
	P interaction

	[bookmark: _Hlk214633449]Total brain volume 
	
	
	
	
	

	Age
	
	
	
	
	0.414

	<60 years old
	Normal HGS
	4705
	reference
	
	

	
	HGSA
	4826
	-0.02 (-0.05 to 0.02)
	0.375
	

	
	HGSW
	124
	-0.04 (-0.20 to 0.12)
	0.594
	

	
	HGSAW
	150
	0.03 (-0.12 to 0.18)
	0.673
	

	≥60 years old
	Normal HGS
	10452
	reference
	
	

	
	HGSA
	12505
	-0.01 (-0.03 to 0.01)
	0.305
	

	
	HGSW
	749
	-0.05 (-0.11 to 0.01)
	0.127
	

	
	HGSAW
	1070
	-0.04 (-0.09 to 0.01)
	0.128
	

	Sex
	
	
	
	
	<0.001

	Female
	Normal HGS
	6876
	reference
	
	

	
	HGSA
	9368
	-0.02 (-0.04 to 0.01)
	0.218
	

	
	HGSW
	374
	0.01 (-0.08 to 0.10)
	0.786
	

	
	HGSAW
	661
	0.02 (-0.05 to 0.08)
	0.634
	

	Male
	Normal HGS
	8281
	reference
	
	

	
	HGSA
	7963
	-0.01 (-0.03 to 0.02)
	0.571
	

	
	HGSW
	499
	-0.10 (-0.18 to -0.02)
	0.012
	

	
	HGSAW
	559
	-0.11 (-0.18 to -0.03)
	0.005
	

	Body mass index
	
	
	
	
	0.367

	Underweight
	Normal HGS
	319
	reference
	
	

	
	HGSA
	374
	-0.04 (-0.17 to 0.08)
	0.481
	

	
	HGSW
	21
	0.21 (-0.15 to 0.58)
	0.254
	

	
	HGSAW
	28
	-0.16 (-0.48 to 0.16)
	0.313
	

	Normal weight
	Normal HGS
	5724
	reference
	
	

	
	HGSA
	6627
	-0.04 (-0.07 to -0.01)
	0.022
	

	
	HGSW
	316
	-0.04 (-0.14 to 0.07)
	0.486
	

	
	HGSAW
	442
	-0.04 (-0.13 to 0.05)
	0.379
	

	Overweight
	Normal HGS
	6434
	reference
	
	

	
	HGSA
	7201
	0.01 (-0.02 to 0.03)
	0.72
	

	
	HGSW
	366
	-0.07 (-0.16 to 0.02)
	0.138
	

	
	HGSAW
	489
	0.00 (-0.04,0.05)
	0.884
	

	Obesity
	Normal HGS
	2680
	reference
	
	

	
	HGSA
	3129
	0.01 (-0.03 to 0.05)
	0.75
	

	
	HGSW
	170
	-0.11 (-0.24 to 0.01)
	0.076
	

	
	HGSAW
	261
	-0.04 (-0.14 to 0.06)
	0.464
	

	Level of physical activity
	
	
	
	
	0.744

	Low
	Normal HGS
	4995
	reference
	
	

	
	HGSA
	5903
	-0.00 (-0.04 to 0.03)
	0.832
	

	
	HGSW
	312
	-0.06 (-0.16 to 0.03)
	0.19
	

	
	HGSAW
	472
	-0.01 (-0.09 to 0.07)
	0.833
	

	Moderate
	Normal HGS
	4565
	reference
	
	

	
	HGSA
	5053
	-0.02 (-0.05 to 0.02)
	0.338
	

	
	HGSW
	268
	-0.08 (-0.19 to 0.03)
	0.178
	

	
	HGSAW
	360
	-0.02 (-0.11 to 0.08)
	0.753
	

	High
	Normal HGS
	5597
	reference
	
	

	
	HGSA
	6375
	-0.02 (-0.05 to 0.02)
	0.322
	

	
	HGSW
	293
	-0.03 (-0.13 to 0.07)
	0.516
	

	
	HGSAW
	388
	-0.10 (-0.19 to -0.01)
	0.03
	

	Smoking status
	
	
	
	
	0.468

	Never
	Normal HGS
	9445
	reference
	
	

	
	HGSA
	11150
	-0.01 (-0.04 to 0.01)
	0.307
	

	
	HGSW
	535
	-0.08 (-0.16 to -0.00)
	0.043
	

	
	HGSAW
	775
	-0.07 (-0.14 to -0.01)
	0.03
	

	Previous
	Normal HGS
	5203
	reference
	
	

	
	HGSA
	5639
	-0.02 (-0.05 to 0.01)
	0.291
	

	
	HGSW
	320
	-0.04 (-0.13 to 0.06)
	0.428
	

	
	HGSAW
	410
	-0.00 (-0.09 to 0.08)
	0.964
	

	Current
	Normal HGS
	509
	reference
	
	

	
	HGSA
	542
	0.04 (-0.05 to 0.14)
	0.368
	

	
	HGSW
	18
	0.12 (-0.26 to 0.49)
	0.54
	

	
	HGSAW
	35
	0.23 (-0.05 to 0.51)
	0.102
	

	Sleep duration
	
	
	
	
	0.122

	Less
	Normal HGS
	3488
	reference
	
	

	
	HGSA
	4094
	-0.01 (-0.05 to 0.03)
	0.471
	

	
	HGSW
	216
	0.04 (-0.08 to 0.16)
	0.545
	

	
	HGSAW
	298
	0.00 (-0.10 to 0.11)
	0.975
	

	Normal
	Normal HGS
	10647
	reference
	
	

	
	HGSA
	11984
	-0.01 (-0.03 to 0.01)
	0.455
	

	
	HGSW
	579
	-0.06 (-0.13 to 0.01)
	0.089
	

	
	HGSAW
	802
	-0.05 (-0.11 to 0.02)
	0.149
	

	More
	Normal HGS
	1022
	reference
	
	

	
	HGSA
	1253
	-0.03 (-0.10 to 0.03)
	0.327
	

	
	HGSW
	78
	-0.30 (-0.49 to -0.11)
	0.002
	

	
	HGSAW
	120
	-0.13 (-0.28 to 0.03)
	0.116
	

	Drinking status
	
	
	
	
	0.498

	Never
	Normal HGS
	376
	reference
	
	

	
	HGSA
	504
	0.02 (-0.10 to 0.14)
	0.73
	

	
	HGSW
	25
	-0.16 (-0.53 to 0.21)
	0.396
	

	
	HGSAW
	58
	-0.13 (-0.39 to 0.12)
	0.299
	

	Previous
	Normal HGS
	451
	reference
	
	

	
	HGSA
	570
	-0.09 (-0.20 to 0.03)
	0.147
	

	
	HGSW
	29
	-0.24 (-0.60 to 0.12)
	0.194
	

	
	HGSAW
	62
	-0.23 (-0.49 to 0.02)
	0.075
	

	Current
	Normal HGS
	14330
	reference
	
	

	
	HGSA
	16257
	-0.01 (-0.03 to 0.01)
	0.269
	

	
	HGSW
	819
	-0.05 (-0.11 to 0.01)
	0.114
	

	
	HGSAW
	1100
	-0.03 (-0.08 to 0.03)
	0.33
	

	Healthy diet status
	
	
	
	
	0.260

	Yes
	Normal HGS
	5208
	reference
	
	

	
	HGSA
	5911
	-0.02 (-0.05 to 0.01)
	0.242
	

	
	HGSW
	324
	-0.10 (-0.19 to -0.01)
	0.032
	

	
	HGSAW
	428
	-0.08 (-0.17 to -0.00)
	0.041
	

	No
	Normal HGS
	9949
	reference
	
	

	
	HGSA
	11420
	-0.01 (-0.03 to 0.02)
	0.481
	

	
	HGSW
	549
	-0.03 (-0.11 to 0.04)
	0.414
	

	
	HGSAW
	792
	-0.02 (-0.08 to 0.05)
	0.627
	

	Hippocampal volumes
	
	
	
	
	

	Age
	
	
	
	
	0.061

	<60 years old
	Normal HGS
	4705
	reference
	
	

	
	HGSA
	4826
	-0.03 (-0.07 to 0.00)
	0.091
	

	
	HGSW
	124
	-0.02 (-0.18 to 0.14)
	0.794
	

	
	HGSAW
	150
	0.12 (-0.03 to 0.26)
	0.111
	

	≥60 years old
	Normal HGS
	10452
	reference
	
	

	
	HGSA
	12505
	-0.01 (-0.04 to 0.01)
	0.28
	

	
	HGSW
	749
	-0.02 (-0.09 to 0.05)
	0.557
	

	
	HGSAW
	1070
	-0.02 (-0.08 to 0.04)
	0.516
	

	Sex
	
	
	
	
	<0.001

	Female
	Normal HGS
	6876
	reference
	
	

	
	HGSA
	9368
	0.01 (-0.02 to 0.03)
	0.716
	

	
	HGSW
	374
	0.01 (-0.09 to 0.10)
	0.904
	

	
	HGSAW
	661
	0.03 (-0.05 to 0.10)
	0.492
	

	Male
	Normal HGS
	8281
	reference
	
	

	
	HGSA
	7963
	-0.04 (-0.07 to -0.01)
	0.007
	

	
	HGSW
	499
	-0.05 (-0.14 to 0.03)
	0.221
	

	
	HGSAW
	559
	-0.06 (-0.14 to 0.02)
	0.166
	

	Body mass index
	
	
	
	
	0.787

	Underweight
	Normal HGS
	319
	reference
	
	

	
	HGSA
	374
	-0.03 (-0.18 to 0.12)
	0.691
	

	
	HGSW
	21
	0.02 (-0.44 to 0.48)
	0.924
	

	
	HGSAW
	28
	0.10 (-0.30 to 0.49)
	0.636
	

	Normal weight
	Normal HGS
	5724
	reference
	
	

	
	HGSA
	6627
	-0.03 (-0.06 to 0.01)
	0.129
	

	
	HGSW
	316
	0.01 (-0.10 to 0.12)
	0.864
	

	
	HGSAW
	442
	-0.03 (-0.12 to 0.07)
	0.583
	

	Overweight
	Normal HGS
	6434
	reference
	
	

	
	HGSA
	7201
	-0.01 (-0.05 to 0.02)
	0.374
	

	
	HGSW
	366
	-0.07 (-0.17 to 0.03)
	0.177
	

	
	HGSAW
	489
	-0.04 (-0.13 to 0.04)
	0.335
	

	Obesity
	Normal HGS
	2680
	reference
	
	

	
	HGSA
	3129
	-0.00 (-0.05 to 0.05)
	0.953
	

	
	HGSW
	170
	-0.05 (-0.19 to 0.09)
	0.486
	

	
	HGSAW
	261
	0.05 (-0.06 to 0.17)
	0.363
	

	Level of physical activity
	
	
	
	
	0.937

	Low
	Normal HGS
	4995
	reference
	
	

	
	HGSA
	5903
	-0.02 (-0.05 to 0.02)
	0.379
	

	
	HGSW
	312
	-0.06 (-0.17 to 0.04)
	0.25
	

	
	HGSAW
	472
	0.00 (-0.09 to 0.09)
	0.998
	

	Moderate
	Normal HGS
	4565
	reference
	
	

	
	HGSA
	5053
	-0.02 (-0.05 to 0.02)
	0.427
	

	
	HGSW
	268
	-0.03 (-0.15 to 0.08)
	0.56
	

	
	HGSAW
	360
	0.01 (-0.09 to 0.12)
	0.795
	

	High
	Normal HGS
	5597
	reference
	
	

	
	HGSA
	6375
	-0.02 (-0.05 to 0.01)
	0.211
	

	
	HGSW
	293
	-0.01 (-0.11 to 0.10)
	0.923
	

	
	HGSAW
	388
	-0.06 (-0.15 to 0.04)
	0.259
	

	Smoking status
	
	
	
	
	0.295

	Never
	Normal HGS
	9445
	reference
	
	

	
	HGSA
	11150
	-0.03 (-0.05 to -0.00)
	0.044
	

	
	HGSW
	535
	-0.08 (-0.16 to 0.00)
	0.061
	

	
	HGSAW
	775
	-0.07 (-0.14 to -0.00)
	0.046
	

	Previous
	Normal HGS
	5203
	reference
	
	

	
	HGSA
	5639
	-0.00 (-0.04 to 0.03)
	0.874
	

	
	HGSW
	320
	0.03 (-0.07 to 0.14)
	0.556
	

	
	HGSAW
	410
	0.07 (-0.03 to 0.16)
	0.172
	

	Current
	Normal HGS
	509
	reference
	
	

	
	HGSA
	542
	0.00 (-0.11 to 0.11)
	0.989
	

	
	HGSW
	18
	0.01 (-0.43 to 0.44)
	0.974
	

	
	HGSAW
	35
	0.35 (0.03 to 0.66)
	0.033
	

	Sleep duration
	
	
	
	
	0.236

	Less
	Normal HGS
	3488
	reference
	
	

	
	HGSA
	4094
	-0.01 (-0.06 to 0.03)
	0.501
	

	
	HGSW
	216
	0.03 (-0.10 to 0.16)
	0.632
	

	
	HGSAW
	298
	0.06 (-0.05 to 0.17)
	0.319
	

	Normal
	Normal HGS
	10647
	reference
	
	

	
	HGSA
	11984
	-0.02 (-0.04 to 0.01)
	0.221
	

	
	HGSW
	579
	-0.03 (-0.11 to 0.04)
	0.385
	

	
	HGSAW
	802
	-0.03 (-0.10 to 0.03)
	0.318
	

	More
	Normal HGS
	1022
	reference
	
	

	
	HGSA
	1253
	-0.06 (-0.13 to 0.02)
	0.161
	

	
	HGSW
	78
	-0.24 (-0.45 to -0.02)
	0.035
	

	
	HGSAW
	120
	-0.06 (-0.25 to 0.12)
	0.481
	

	Drinking status
	
	
	
	
	0.380

	Never
	Normal HGS
	376
	reference
	
	

	
	HGSA
	504
	-0.11 (-0.23 to 0.02)
	0.102
	

	
	HGSW
	25
	0.04 (-0.35 to 0.42)
	0.849
	

	
	HGSAW
	58
	-0.21 (-0.47 to 0.06)
	0.122
	

	Previous
	Normal HGS
	451
	reference
	
	

	
	HGSA
	570
	0.01 (-0.11 to 0.13)
	0.882
	

	
	HGSW
	29
	-0.32 (-0.69 to 0.05)
	0.093
	

	
	HGSAW
	62
	-0.11 (-0.37 to 0.15)
	0.402
	

	Current
	Normal HGS
	14330
	reference
	
	

	
	HGSA
	16257
	-0.02 (-0.04 to 0.01)
	0.152
	

	
	HGSW
	819
	-0.03 (-0.10 to 0.04)
	0.365
	

	
	HGSAW
	1100
	0.00 (-0.06 to 0.06)
	0.994
	

	Healthy diet status
	
	
	
	
	0.707

	Yes
	Normal HGS
	5208
	reference
	
	

	
	HGSA
	5911
	-0.03 (-0.06 to 0.01)
	0.153
	

	
	HGSW
	324
	-0.04 (-0.14 to 0.07)
	0.508
	

	
	HGSAW
	428
	-0.01 (-0.10 to 0.08)
	0.83
	

	No
	Normal HGS
	9949
	reference
	
	

	
	HGSA
	11420
	-0.01 (-0.04 to 0.01)
	0.315
	

	
	HGSW
	549
	-0.04 (-0.12 to 0.05)
	0.39
	

	
	HGSAW
	792
	-0.01 (-0.08 to 0.05)
	0.67
	

	White matter hyperintensity volume
	
	
	
	
	

	Age
	
	
	
	
	0.356

	<60 years old
	Normal HGS
	4705
	reference
	
	

	
	HGSA
	4826
	0.08 (0.05 to 0.11)
	<0.001
	

	
	HGSW
	124
	0.08 (-0.06 to 0.23)
	0.276
	

	
	HGSAW
	150
	0.09 (-0.04 to 0.22)
	0.177
	

	≥60 years old
	Normal HGS
	10452
	reference
	
	

	
	HGSA
	12505
	0.03 (0.01 to 0.05)
	0.013
	

	
	HGSW
	749
	0.04 (-0.02 to 0.10)
	0.221
	

	
	HGSAW
	1070
	0.05 (-0.01 to 0.10)
	0.088
	

	Sex
	
	
	
	
	0.882

	Female
	Normal HGS
	6876
	reference
	
	

	
	HGSA
	9368
	0.04 (0.02 to 0.07)
	0.002
	

	
	HGSW
	374
	0.01 (-0.08 to 0.09)
	0.868
	

	
	HGSAW
	661
	0.04 (-0.03 to 0.10)
	0.281
	

	Male
	Normal HGS
	8281
	reference
	
	

	
	HGSA
	7963
	0.05 (0.02 to 0.07)
	<0.001
	

	
	HGSW
	499
	0.09 (0.01 to 0.17)
	0.027
	

	
	HGSAW
	559
	0.09 (0.01 to 0.16)
	0.021
	

	Body mass index
	
	
	
	
	0.016

	Underweight
	Normal HGS
	319
	reference
	
	

	
	HGSA
	374
	0.02 (-0.11 to 0.14)
	0.81
	

	
	HGSW
	21
	0.01 (-0.36 to 0.38)
	0.944
	

	
	HGSAW
	28
	0.31 (-0.02 to 0.63)
	0.063
	

	Normal weight
	Normal HGS
	5724
	reference
	
	

	
	HGSA
	6627
	0.05 (0.02 to 0.08)
	0.001
	

	
	HGSW
	316
	-0.03 (-0.12 to 0.07)
	0.604
	

	
	HGSAW
	442
	0.14 (0.06 to 0.22)
	<0.001
	

	Overweight
	Normal HGS
	6434
	reference
	
	

	
	HGSA
	7201
	0.03 (-0.00 to 0.06)
	0.061
	

	
	HGSW
	366
	0.08 (-0.01 to 0.17)
	0.08
	

	
	HGSAW
	489
	0.02 (-0.06 to 0.10)
	0.587
	

	Obesity
	Normal HGS
	2680
	reference
	
	

	
	HGSA
	3129
	0.07 (0.03 to 0.12)
	0.001
	

	
	HGSW
	170
	0.13 (-0.01 to 0.26)
	0.063
	

	
	HGSAW
	261
	-0.03 (-0.14 to 0.08)
	0.559
	

	Level of physical activity
	
	
	
	
	0.315

	Low
	Normal HGS
	4995
	reference
	
	

	
	HGSA
	5903
	0.06 (0.03 to 0.09)
	<0.001
	

	
	HGSW
	312
	0.11 (0.01 to 0.21)
	0.024
	

	
	HGSAW
	472
	0.06 (-0.03 to 0.14)
	0.178
	

	Moderate
	Normal HGS
	4565
	reference
	
	

	
	HGSA
	5053
	0.03 (-0.00 to 0.07)
	0.052
	

	
	HGSW
	268
	0.05 (-0.05 to 0.16)
	0.316
	

	
	HGSAW
	360
	0.12 (0.03 to 0.21)
	0.008
	

	High
	Normal HGS
	5597
	reference
	
	

	
	HGSA
	6375
	0.04 (0.01 to 0.07)
	0.015
	

	
	HGSW
	293
	-0.02 (-0.12 to 0.08)
	0.643
	

	
	HGSAW
	388
	0.01 (-0.08 to 0.10)
	0.806
	

	Smoking status
	
	
	
	
	0.263

	Never
	Normal HGS
	9445
	reference
	
	

	
	HGSA
	11150
	0.04 (0.01 to 0.06)
	0.003
	

	
	HGSW
	535
	0.06 (-0.02 to 0.13)
	0.147
	

	
	HGSAW
	775
	0.03 (-0.03 to 0.10)
	0.304
	

	Previous
	Normal HGS
	5203
	reference
	
	

	
	HGSA
	5639
	0.05 (0.02 to 0.08)
	0.002
	

	
	HGSW
	320
	0.05 (-0.05 to 0.14)
	0.312
	

	
	HGSAW
	410
	0.11 (0.03 to 0.20)
	0.01
	

	Current
	Normal HGS
	509
	reference
	
	

	
	HGSA
	542
	0.15 (0.04 to 0.26)
	0.005
	

	
	HGSW
	18
	-0.07 (-0.48 to 0.34)
	0.737
	

	
	HGSAW
	35
	0.06 (-0.25 to 0.36)
	0.716
	

	Sleep duration
	
	
	
	
	0.184

	Less
	Normal HGS
	3488
	reference
	
	

	
	HGSA
	4094
	0.01 (-0.03 to 0.05)
	0.595
	

	
	HGSW
	216
	0.02 (-0.09 to 0.14)
	0.715
	

	
	HGSAW
	298
	0.03 (-0.07 to 0.13)
	0.596
	

	Normal
	Normal HGS
	10647
	reference
	
	

	
	HGSA
	11984
	0.05 (0.03 to 0.07)
	<0.001
	

	
	HGSW
	579
	0.03 (-0.04 to 0.10)
	0.425
	

	
	HGSAW
	802
	0.07 (0.01 to 0.13)
	0.03
	

	More
	Normal HGS
	1022
	reference
	
	

	
	HGSA
	1253
	0.06 (-0.01 to 0.13)
	0.114
	

	
	HGSW
	78
	0.26 (0.07 to 0.46)
	0.008
	

	
	HGSAW
	120
	0.10 (-0.06 to 0.26)
	0.231
	

	Drinking status
	
	
	
	
	0.896

	Never
	Normal HGS
	376
	reference
	
	

	
	HGSA
	504
	0.02 (-0.10 to 0.14)
	0.724
	

	
	HGSW
	25
	-0.01 (-0.37 to 0.34)
	0.936
	

	
	HGSAW
	58
	0.03 (-0.21 to 0.28)
	0.781
	

	Previous
	Normal HGS
	451
	reference
	
	

	
	HGSA
	570
	0.06 (-0.05 to 0.17)
	0.266
	

	
	HGSW
	29
	-0.14 (-0.47 to 0.19)
	0.41
	

	
	HGSAW
	62
	0.15 (-0.09 to 0.38)
	0.224
	

	Current
	Normal HGS
	14330
	reference
	
	

	
	HGSA
	16257
	0.04 (0.02 to 0.06)
	<0.001
	

	
	HGSW
	819
	0.06 (-0.00 to 0.12)
	0.07
	

	
	HGSAW
	1100
	0.06 (0.00 to 0.11)
	0.039
	

	Healthy diet status
	
	
	
	
	0.399

	Yes
	Normal HGS
	5208
	reference
	
	

	
	HGSA
	5911
	0.04 (0.01 to 0.07)
	0.008
	

	
	HGSW
	324
	0.10 (0.01 to 0.20)
	0.035
	

	
	HGSAW
	428
	0.03 (-0.05 to 0.12)
	0.421
	

	No
	9949
	reference
	
	9949
	

	
	11420
	0.04 (0.02 to 0.07)
	<0.001
	11420
	

	
	549
	0.02 (-0.06 to 0.09)
	0.68
	549
	

	
	792
	0.07 (0.01 to 0.14)
	0.018
	792
	


Abbreviations: CI, Confidence Interval, HR, Hazard Ratio; HGS, handgrip strength; HGSA, handgrip strength asymmetry; HGSW, handgrip strength weakness; HGSAW, handgrip strength asymmetry and weakness.
a Model 3 adjusted for age, sex, area of residence, ethnicity, Townsend deprivation index, education, body mass index, smoking status, drinking status, sleep duration, physical activity level, healthy diet status, hypertension and diabetes, except for the stratification variable.
Footnotes: All stratified analyses were conducted based on model 3, in each stratified analysis, the stratification variable was not included as a covariate.


Supplementary Figures
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[bookmark: _Toc242742066]Figure S1 Flowchart of UK Biobank participants included in the study.
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[bookmark: _Toc242742067]Figure S2 Model-estimated transition probabilities between handgrip strength phenotypes over time. 
Heatmaps show the probability of occupying each of the four handgrip states after (A) 1 year and (B) 5 years, conditional on the state at the initial assessment. Probabilities were estimated using the primary four-state multi-state Markov model. The model status includes：Normal HGS (neither weakness nor asymmetry), HGSA (HGS asymmetry alone), HGSW (HGS weakness alone), HGSAW (HGS asymmetry and weakness).
[image: ]
[bookmark: _Toc242742068]Figure S3 Kaplan–Meier curves for incident all-cause dementia by baseline handgrip strength phenotype. 
The four baseline HGS phenotypes were normal HGS (neither weakness nor asymmetry), HGSA (asymmetry alone), HGSW (weakness alone), and HGSAW (combined asymmetry and weakness).
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