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Supplementary Tables S1-S12
Table S1 Baseline characteristics of ASM users and non-users before propensity score matching
	Characteristic
	Non-users (n=317,125)
	ASM users (n=4,940)
	P valueᵃ

	Demographic variables 

	Chronological age at baseline (years), median, [IQR]
	58 [50,63]
	59 [52,64]
	<0.001

	Gender Male, n (%)
	147962 (46.0%)
	1944 (39.4%)
	<0.001

	Race White, n (%)
	299781 (94.5%)
	4690 (94.9%)
	<0.001

	Current drinking, n (%)
	292892 (92.4%)
	4145 (83.9%)
	<0.001

	Current smoking, n (%)
	32115 (10.1%)
	662 (13.4%)
	<0.001

	BA measures b, median, [IQR] 

	KDM residual
	-0.30[-3.37,3.01]
	0.61 [-2.69, 4.17]
	<0.001

	PhenoAge residual
	-0.36[-3.39,2.95]
	-0.01 [-3.15, 3.77]
	<0.001

	HD (log units)
	6.40[5.73,7.08]
	6.69 [6.02, 7.37]
	<0.001

	Z-LTL
	0.002 [-0.641,0.648]
	-0.041 [-0.701 0.594]
	<0.001

	Biomarkers included in BA algorithms, median, [IQR]

	FEV₁ (L) 
	2.75 [2.27,3.33]
	2.54 [2.11,3.08]
	<0.001

	SBP (mmHg)
	139 [126,152]
	137 [125,151]
	0.173

	Waist circumference (cm)
	90 [80,99]
	91 [82,101]
	<0.001

	Red cell distribution width (%）
	13.3 [12.9,13.8]
	13.4 [12.9,14.0]
	<0.001

	Albumin (g/dL)
	4.53 [4.36,4.70]
	4.50 [4.32,4.68]
	<0.001

	Alkaline phosphatase (U/L)
	79.9 [66.9,95.2]
	84 [69.8,101.0]
	<0.001

	Triglyceride (mg/dL)
	131.0 [92.2,189.0]
	144.0 [101.0,209.0]
	<0.001

	Mean cell volume (fL)
	91.2 [88.6,93.8]
	91.3 [88.6,94.1]
	0.022

	Uric acid (mg/dL)
	5.09 [4.21,6.06]
	4.91 [4.03,5.93]
	<0.001

	Lymphocyte (%)
	28.6 [24,33.6]
	28.8 [23.8,33.7]
	0.995

	[bookmark: OLE_LINK1]RBC (million cells/μL)
	4.51 [4.24,4.8]
	4.44 [4.17,4.72]
	<0.001

	C-reactive protein (mg/dL)
	0.13 [0.06,0.27]
	0.18 [0.09,0.37]
	<0.001

	DBP (mmHg)
	82 [75,89]
	82 [74.8,89]
	0.012

	HbA1c (%)
	5.37 [5.14,5.61]
	5.41 [5.17,5.66]
	<0.001

	Total cholesterol (mg/dL)
	219 [191,249]
	219 [187,251]
	0.474

	Creatinine (μmol/L)
	70.5 [61.5,81]
	68.1 [60.11,79.56]
	<0.001

	Serum glucose (mmol/L)
	4.93 [4.6,5.31]
	4.96[4.62,5.38]
	<0.001

	Blood urea nitrogen (mg/dL)
	14.8[12.6,17.2]
	14.7[12.4,17.4]
	0.545



Abbreviations: BA, biological age; DBP, diastolic blood pressure; FEV1, forced expiratory volume in 1 second; HbA1c, glycated hemoglobin; HD-log, log-transformed homeostatic dysregulation; IQR, interquartile range; KDM, Klemera-Doubal method; LTL, leukocyte telomere length; RBC, red blood cell count; SBP, systolic blood pressure; Z-LTL, Z-standardized leukocyte telomere length. ᵃP values were obtained using Mann-Whitney U tests for continuous variables and appropriate tests for categorical variables. KDM and PhenoAge residuals were derived by regressing each aging estimate on chronological age modeled with a natural spline with 3 degrees of freedom.

Table S2 Biomarkers included in the updated and original biological aging algorithms
	Biomarker 
	Alternative BA algorithms
	Original HD-log
	Original KDM (Levine)
	Original PhenoAge (Levine)

	FEV1 (L)
	Yes
	No
	Yes
	No

	SBP (mmHg)
	Yes
	No
	Yes
	No

	BUN (mg/dL)
	Yes
	No
	Yes
	No

	HbA1c (%)
	Yes
	No
	Yes
	No

	Total cholesterol (mg/dL)
	Yes
	No
	Yes
	No

	Creatinine (μmol/L)
	Yes
	Yes
	Yes
	Yes

	Serum glucose (mmol/L)
	Yes
	Yes
	No
	Yes

	Waist circumference (cm)
	Yes
	No
	No
	No

	RDW (%)
	Yes
	Yes
	No
	Yes

	Albumin (g/dL)
	Yes
	Yes
	Yes
	Yes

	ALP (U/L)
	Yes
	Yes
	Yes
	Yes

	Triglyceride (mg/dL)
	Yes
	No
	No
	No

	Mean cell volume (fL)
	Yes
	Yes
	No
	Yes

	Uric acid (mg/dL)
	Yes
	No
	No
	No

	Lymphocyte (%)
	Yes
	Yes
	No
	Yes

	RBC count (million cells/μL)
	Yes
	No
	No
	No

	C-reactive protein (mg/dL)
	Yes
	Yes
	Yes
	Yes

	DBP (mmHg)
	Yes
	No
	No
	No

	WBC count (1000 cells/μL)
	No
	Yes
	
	Yes



Note: “Yes” indicates that the biomarker was included in the corresponding biological aging algorithm; “No” indicates that it was not included. Original KDM and PhenoAge refer to the algorithms proposed by Levine et al. Units are shown in parentheses.
Table S3 Associations between ASM use and biological aging indicators before and after propensity score matching
	Matching Status
	Biological Aging Indicator
	β Coefficient
	95% CI
	P Value

	After PSM
	HD-log
	0.184
	0.152 to 0.216
	<0.001

	After PSM
	KDM-residual
	0.818
	0.646 to 0.990
	<0.001

	After PSM
	PhenoAge-residual
	0.654
	0.482 to 0.826
	<0.001

	After PSM

	Z-LTL

	-0.057

	-0.090 to -0.024

	<0.001


	Before PSM
	HD-log
	0.183
	0.156 to 0.21
	<0.001


	Before PSM
	KDM-residual
	0.770
	0.630 to 0.904
	<0.001

	Before PSM
	PhenoAge-residual
	0.543
	0.404 to 0.682
	<0.001

	Before PSM
	Z-LTL
	-0.035
	-0.063 to -0.008
	0.013

	



Associations were estimated using multivariable linear regression models comparing participants using ASMs with those not using ASMs. All models were adjusted for age, sex, race, Townsend Deprivation Index, epilepsy status, smoking status, and alcohol intake.

Table S4 Associations of individual ASM monotherapies with biological aging indicators compared with other monotherapy users
	BA  
	Drug Name
	Estimate (95% CI)
	P-value

	HD-log
	Carbamazepine
	-0.032 (-0.104, 0.039)
	0.376

	
	Clonazepam
	-0.048 (-0.213, 0.117)
	0.570

	
	Gabapentin
	0.029 (-0.040, 0.099)
	0.409

	
	Lamotrigine
	-0.350 (-0.566, -0.134)
	0.001

	
	Phenytoin
	0.009 (-0.182, 0.199)
	0.928

	
	Pregabalin
	0.165 (0.065, 0.264)
	0.001

	
	Topiramate
	-0.521 (-0.749, -0.292)
	< 0.001

	
	Valproic Acid
	0.034 (-0.080, 0.149)
	0.560

	KDM-residual
	Carbamazepine
	-0.297 (-0.682, 0.088)
	0.131

	
	Clonazepam
	-0.495 (-1.380, 0.389)
	0.272

	
	Gabapentin
	0.371 (-0.002, 0.743)
	0.051

	
	Lamotrigine
	-1.774 (-2.934, -0.614)
	0.003

	
	Phenytoin
	1.068 (0.046, 2.090)
	0.041

	
	Pregabalin
	0.567 (0.032, 1.103)
	0.038

	
	Topiramate
	-1.927 (-3.156, -0.698)
	0.002

	
	Valproic Acid
	-0.169 (-0.783, 0.446)
	0.591

	PhenoAge-residual
	Carbamazepine
	-0.809 (-1.199, -0.418)
	< 0.001

	
	Clonazepam
	-0.530 (-1.429, 0.369)
	0.248

	
	Gabapentin
	0.511 (0.133, 0.889)
	0.008

	
	Lamotrigine
	-0.332 (-1.512, 0.847)
	0.581

	
	Phenytoin
	1.397 (0.359, 2.435)
	0.008

	
	Pregabalin
	0.259 (-0.285, 0.804)
	0.351

	
	Topiramate
	-0.301 (-1.552, 0.949)
	0.637

	
	Valproic Acid
	0.247 (-0.377, 0.872)
	0.437

	Z-LTL
	Carbamazepine
	0.056 (-0.013, 0.125)
	0.112

	
	Clonazepam
	0.154 (-0.005, 0.313)
	0.057

	
	Gabapentin
	-0.048 (-0.115, 0.019)
	0.158

	
	Lamotrigine
	-0.069 (-0.277, 0.140)
	0.517

	
	Phenytoin
	-0.004 (-0.188, 0.179)
	0.962

	
	Pregabalin
	-0.075 (-0.172, 0.021)
	0.124

	
	Topiramate
	-0.149 (-0.370, 0.072)
	0.185

	
	Valproic Acid
	0.072 (-0.039, 0.182)
	0.203



Associations were estimated using multivariable linear regression models in a one-versus-rest framework, comparing participants receiving a specific ASM with those receiving other ASM monotherapies. Models were adjusted for age, sex, race, Townsend Deprivation Index, epilepsy status, smoking status, and alcohol intake.

Table S5 Mean biological aging measures across individual ASM monotherapy groups
	Drug Name
	N
	Mean HD (log)
	Mean Z-LTL
	Mean KDM
	Mean PhenoAge

	All monotherapy users
	3669
	6.729
	-0.063
	1.027
	0.576

	Carbamazepine
	1079
	6.720
	-0.026
	0.706
	-0.201

	Clonazepam
	149
	6.738
	0.041
	0.537
	0.097

	Gabapentin
	1363
	6.749
	-0.106
	1.293
	1.024

	Lamotrigine
	86
	6.356
	-0.095
	-0.812
	-0.060

	Phenytoin
	118
	6.670
	-0.085
	1.989
	2.035

	Pregabalin
	450
	6.869
	-0.119
	1.620
	0.937

	Topiramate
	76
	6.148
	-0.063
	-0.838
	-0.076

	Valproic Acid
	348
	6.732
	0.032
	0.960
	0.776



N represents the number of participants in each group. “All monotherapy users” includes participants receiving a single ASM and excludes non-users. Only agents with more than 50 users were included.








Table S6 Subgroup associations between ASM use and HD-log
	Subgroup
	N
	β (95% CI)
	P value

	Age Group

	≤60 years
	11156
	0.247 (0.198, 0.296)
	<0.001

	> 60 years
	8604
	0.132 (0.090, 0.173)
	<0.001

	Race

	White
	18762
	0.193 (0.160, 0.226)
	<0.001

	Non-White
	998
	0.091 (-0.068, 0.250)
	0.261

	Gender

	Male
	7778
	0.186 (0.131, 0.240)
	<0.001

	Female
	11982
	0.191 (0.152, 0.230)
	<0.001

	Smoking Status

	Smoker
	2648
	0.141 (0.044, 0.238)
	0.005

	Non-Smoker
	17112
	0.194 (0.160, 0.228)
	<0.001

	Alcohol intake

	Drinker
	16580
	0.190 (0.155, 0.225)
	<0.001

	Non-drinker
	3180
	0.182 (0.096, 0.268)
	<0.001

	Epilepsy Status

	Epilepsy
	880
	0.049 (-0.153, 0.250)
	0.636

	No epilepsy
	18880
	0.191 (0.158, 0.224)
	<0.001



Associations were estimated using multivariable linear regression models within each subgroup. Models were adjusted for age, sex, race, Townsend Deprivation Index, epilepsy status, smoking status, and alcohol intake, except for the stratifying variable.
Table S7 Subgroup associations between ASM use and KDM residual
	Subgroup
	N
	β (95% CI)
	P value

	Age Group

	≤60 years
	11156
	0.950 (0.705, 1.200)
	<0.001

	> 60 years
	8604
	0.727 (0.485, 0.970)
	<0.001

	Race

	 White
	18762
	0.851 (0.674, 1.030)
	<0.001

	 Non-White
	998
	0.770 (-0.088, 1.630)
	0.079

	Gender

	 Male
	7778
	1.040 (0.760, 1.320)
	<0.001

	 Female
	11982
	0.724 (0.505, 0.943)
	<0.001

	Smoking Status

	 Smoker
	2648
	0.643 (0.148, 1.140)
	0.011

	 Non-Smoker
	17112
	0.868 (0.684, 1.050)
	<0.001

	Alcohol intake

	 Drinker
	16580
	0.891 (0.705, 1.080)
	<0.001

	 Non-drinker
	3180
	0.601 (0.135, 1.070)
	0.012

	Epilepsy Status

	 Epilepsy
	880
	0.319 (-0.875, 1.510)
	0.601

	 No epilepsy
	18880
	0.852 (0.678, 1.030)
	<0.001



Associations were estimated using multivariable linear regression models within each subgroup. Models were adjusted for age, sex, race, Townsend Deprivation Index, epilepsy status, smoking status, and alcohol intake, except for the stratifying variable.

Table S8 Subgroup associations between ASM use and PhenoAge residual
	Subgroup
	N
	β (95% CI)
	P value

	Age Group

	≤60 years
	11156
	0.644 (0.403, 0.885)
	<0.001

	> 60 years
	8604
	0.696 (0.449, 0.943)
	<0.001

	Race

	White
	18762
	0.688 (0.512, 0.864)
	<0.001

	 Non-White
	998
	0.470 (-0.423, 1.360)
	0.303

	Gender

	 Male
	7778
	0.861 (0.568, 1.150)
	<0.001

	 Female
	11982
	0.567 (0.354, 0.781)
	<0.001

	Smoking Status

	 Smoker
	2648
	0.760 (0.247, 1.270)
	0.004

	 Non-Smoker
	17112
	0.665 (0.482, 0.848)
	<0.001

	Alcohol intake

	 Drinker
	16580
	0.715 (0.530, 0.900)
	<0.001

	 Non-drinker
	3180
	0.472 (-0.003, 0.947)
	0.051

	Epilepsy Status

	 Epilepsy
	880
	-0.122 (-1.340, 1.100)
	0.845

	 No epilepsy
	18880
	0.698 (0.525, 0.872)
	<0.001



Associations were estimated using multivariable linear regression models within each subgroup. Models were adjusted for age, sex, race, Townsend Deprivation Index, epilepsy status, smoking status, and alcohol intake, except for the stratifying variable.

Table S9 Subgroup associations between ASM use and Z-LTL
	Subgroup
	N
	β (95% CI)
	P value

	Age Group

	≤60 years
	11156
	-0.057 (-0.103, -0.010)
	0.017

	> 60 years
	8604
	-0.059 (-0.105, -0.013)
	0.012

	Race

	White
	18762
	-0.059 (-0.093, -0.026)
	<0.001

	 Non-White
	998
	-0.042 (-0.190, 0.106)
	0.581

	Gender

	 Male
	7778
	-0.055 (-0.108, -0.002)
	0.043

	 Female
	11982
	-0.059 (-0.101, -0.017)
	0.006

	Smoking Status

	 Smoker
	2648
	0.005 (-0.087, 0.097)
	0.920

	 Non-Smoker
	17112
	-0.067 (-0.102, -0.032)
	<0.001

	Alcohol intake

	 Drinker
	16580
	-0.061 (-0.096, -0.025)
	<0.001

	 Non-drinker
	3180
	-0.049 (-0.133, 0.035)
	0.249

	Epilepsy Status

	 Epilepsy
	880
	-0.022 (-0.233, 0.188)
	0.836

	 No epilepsy
	18880
	-0.059 (-0.093, -0.026)
	<0.001



Associations were estimated using multivariable linear regression models within each subgroup. Models were adjusted for age, sex, race, Townsend Deprivation Index, epilepsy status, smoking status, and alcohol intake, except for the stratifying variable.


Table S10 British National Formulary codes used to identify antiseizure medications
	Drug
	Drug name
	BNF code

	Gabapentin
	Gabapentin 300mg capsules
	04.07.03.00.00

	Gabapentin
	Gabapentin 100mg capsules
	04.08.01.03.00

	Clonazepam
	Clonazepam 500microgram tablets
	04.08.01.15.00

	Pregabalin
	Pregabalin 50mg capsules
	04.07.03.00.00

	Carbamazepine
	Carbamazepine 100mg tablets
	04.02.03.02.00

	Carbamazepine
	TEGRETOL RETARD controlled release tablet 400mg [NOVARTIS]
	04.02.03.02.00

	Carbamazepine
	Tegretol 400mg tablets (Novartis Pharmaceuticals UK Ltd)
	04.08.01.01.00

	Gabapentin
	Gabapentin 800mg tablets
	04.07.03.00.00

	Valproic Acid
	Valproic acid 500mg gastro-resistant tablets
	04.08.01.12.00

	Carbamazepine
	Tegretol 100mg tablets (Novartis Pharmaceuticals UK Ltd)
	04.07.03.00.00

	Valproic Acid
	EPILIM EC tablets 200mg [SANOFI/AVE]
	04.02.03.03.00

	Valproic Acid
	Valproic acid 250mg gastro-resistant tablets
	04.02.03.03.00

	Pregabalin
	Pregabalin 150mg capsules
	04.07.03.00.00

	Valproic Acid
	Sodium valproate 500mg gastro-resistant tablets
	04.08.01.12.00

	Clobazam
	Clobazam 10mg tablets
	04.08.01.15.00

	Pregabalin
	Pregabalin 25mg capsules
	04.07.03.00.00

	Valproic Acid
	Epilim Chrono 500 tablets (Sanofi)
	04.02.03.03.00

	Valproic Acid
	Epilim Chrono 200 tablets (Sanofi)
	04.02.03.03.00

	Carbamazepine
	Carbamazepine 200mg tablets
	04.07.03.00.00

	Lamotrigine
	Lamotrigine 25mg tablets
	04.08.01.05.00

	Gabapentin
	Gabapentin 400mg capsules
	04.08.01.03.00

	Gabapentin
	Gabapentin 600mg tablets
	04.08.01.03.00

	Valproic Acid
	Epilim Chrono TABLETS 500MG
	0408010W0BBALA2

	Pregabalin
	Pregabalin 75mg capsules
	04.08.01.03.00

	Carbamazepine
	Tegretol 200mg tablets (Novartis Pharmaceuticals UK Ltd)
	04.02.03.02.00

	Lamotrigine
	Lamotrigine 50mg tablets
	04.08.01.05.00

	Pregabalin
	Pregabalin 100mg capsules
	04.08.01.03.00

	Valproic Acid
	Epilim 100mg crushable tablets (Sanofi)
	04.02.03.03.00

	Pregabalin
	Pregabalin 300mg capsules
	04.08.01.03.00

	Valproic Acid
	Sodium valproate 200mg gastro-resistant tablets
	04.08.01.12.00

	Valproic Acid
	Valproic acid 300mg gastro-resistant capsules
	04.08.01.12.00

	Primidone
	Primidone 250mg tablets
	04.08.01.07.00

	Carbamazepine
	Carbamazepine 200mg modified-release tablets
	04.08.01.01.00

	Carbamazepine
	TEGRETOL RETARD controlled release tablet 200mg [NOVARTIS]
	04.02.03.02.00

	Topiramate
	Topiramate 25mg tablets
	04.08.01.11.00

	Phenytoin
	Phenytoin sodium 100mg capsules
	04.07.03.00.00

	Valproic Acid
	Sodium valproate 100mg tablets
	04.02.03.03.00

	Carbamazepine
	Carbamazepine 400mg tablets
	04.08.01.01.00

	Primidone
	Primidone 250mg/5ml oral suspension
	04.09.03.00.00

	Phenytoin
	Phenytoin sodium 50mg capsules
	04.07.03.00.00

	Carbamazepine
	CARBAMAZEPINE TABLETS 100MG
	0408010C0AAABAB

	Clonazepam
	CLONAZEPAM TABLETS 500MICROGRAMS
	0408010F0AAABAB

	Lamotrigine
	Lamotrigine 100mg tablets
	04.08.01.05.00

	Valproic Acid
	Epilim Chrono 300 tablets (Sanofi)
	04.08.01.12.00

	Pregabalin
	Pregabalin 200mg capsules
	04.07.03.00.00

	Phenytoin
	Phenytoin sodium 100mg tablets
	04.08.01.08.00

	Phenytoin
	Phenytoin sodium 50mg tablets
	04.08.01.08.00

	Carbamazepine
	Tegretol Prolonged Release  M/R tablets  200 mg
	0408010C0BBAEAG

	Carbamazepine
	Carbamazepine TABS 100MG
	0408010C0AAABAB

	Carbamazepine
	Tegretol TABS 100MG
	0408010C0BBAAAB

	Gabapentin
	Gabapentin 600mg tablets and Gabapentin 300mg capsules
	04.07.03.00.00

	Clonazepam
	Clonazepam TABS 500MICROGRAMS
	0408010F0AAABAB

	Phenobarbital
	Phenobarbital 30mg tablets
	04.08.01.07.00

	Gabapentin
	Gabapentin Capsules 100 mg
	0408010G0AAAAAA

	Gabapentin
	Gabapentin Capsules 300 mg
	0408010G0AAABAB

	Valproic Acid
	EPILIM EC tablets 500mg [SANOFI/AVE]
	04.02.03.03.00

	Valproic Acid
	Sodium valproate 500mg modified-release tablets
	04.02.03.03.00

	Topiramate
	Topiramate 50mg tablets
	04.08.01.11.00

	Carbamazepine
	TEGRETOL CHEWABLE TABLETS 100MG
	0408010C0BBAGAJ

	Valproic Acid
	Sodium valproate 300mg modified-release tablets
	04.08.01.12.00

	Carbamazepine
	Carbamazepine 400mg modified-release tablets
	04.02.03.02.00

	Valproic Acid
	Sodium valproate 300mg modified-release capsules
	04.08.01.12.00

	Carbamazepine
	Carbamazepine 100mg/5ml oral suspension sugar free
	04.02.03.02.00

	Pregabalin
	Pregabalin Capsules 75 mg
	40801

	Clonazepam
	Clonazepam 2mg tablets
	04.08.01.15.00

	Gabapentin
	Gabapentin CAPS 300MG
	0408010G0AAABAB

	Gabapentin
	Gabapentin CAPS 100MG
	0408010G0AAAAAA

	Ethosuximide
	Zarontin 250mg capsules (Pfizer Ltd)
	04.08.01.02.00

	Ethosuximide
	Ethosuximide 250mg capsules
	04.08.01.02.00

	Phenytoin
	Phenytoin sodium 300mg capsules
	04.08.01.08.00

	Topiramate
	Topiramate CAPS 25MG
	40801

	Valproic Acid
	SODIUM VALPROATE CRUSHABLE TABLETS 100MG
	0408010W0AAABAB

	Topiramate
	Topiramate 50mg capsules
	04.07.04.02.00

	Topiramate
	Topiramate 25mg capsules
	04.08.01.11.00

	Topiramate
	Topiramate 15mg capsules
	04.07.04.02.00

	Gabapentin
	Neurontin 100mg capsules (Pfizer Ltd)
	04.07.03.00.00

	Pregabalin
	Lyrica 25mg capsules (Pfizer Ltd)
	04.07.03.00.00

	Carbamazepine
	Carbamazepine 100mg chewable tablets sugar free
	04.07.03.00.00

	Phenobarbital
	Phenobarbital 30mg tablets (Actavis UK Ltd)
	04.08.01.07.00

	Phenobarbital
	Phenobarbital TABS 30MG
	40801

	Gabapentin
	GABAPENTIN CAPSULES 300MG
	0408010G0AAABAB

	Carbamazepine
	Carbamazepine TABS 200MG
	0408010C0AAACAC

	Lamotrigine
	Lamictal 50mg tablets (GlaxoSmithKline UK Ltd)
	04.08.01.05.00

	Lamotrigine
	Lamictal 100mg tablets (GlaxoSmithKline UK Ltd)
	04.08.01.05.00

	Pregabalin
	Pregabalin CAPS 300MG
	40801

	Pregabalin
	Pregabalin CAPS 150MG
	40801

	Tiagabine
	Tiagabine 5mg tablets
	04.08.01.10.00

	Valproic Acid
	Valproic Acid (As Semisodium Valproate) E/c tablets 500 mg
	40203

	Lamotrigine
	Lamotrigine TABS 50MG
	0408010H0AAABAB

	Lamotrigine
	Lamotrigine TABS 100MG
	0408010H0AAAAAA

	Ethosuximide
	Ethosuximide 250mg/5ml oral solution
	04.08.01.02.00

	Carbamazepine
	Carbamazepine C/R Tablets 200 mg
	0408010C0AAACAC

	Carbamazepine
	Tegretol Prolonged Release TABS 400MG
	0408010C0BBAFAH

	Carbamazepine
	Carbamazepine TABS 400MG
	0408010C0AAADAD

	Valproic Acid
	Sodium valproate 200mg modified-release tablets
	04.02.03.03.00

	Clobazam
	Frisium 10mg tablets (Sanofi)
	04.01.02.00.00

	Phenobarbital
	Phenobarbital 60mg tablets
	04.08.01.07.00

	Levetiracetam
	Levetiracetam 500mg tablets
	04.08.01.06.00

	Levetiracetam
	Keppra 250mg tablets (UCB Pharma Ltd)
	04.08.01.06.00

	Levetiracetam
	Levetiracetam 250mg tablets
	04.08.01.06.00

	Phenytoin
	Phenytoin Sodium CAPS 100MG
	0408010Q0AAAAAA

	Carbamazepine
	Carbamazepine 200mg chewable tablets sugar free
	04.08.01.01.00

	Phenytoin
	PHENYTOIN tablets 100mg [IVAX]
	04.07.03.00.00

	Carbamazepine
	Tegretol-P42 100mg tablet
	0408010C0BBAAAB

	Phenytoin
	phenytoin capsules 50mg
	04.07.03.00.00

	Pregabalin
	Pregabalin 225mg capsules
	04.07.03.00.00

	Gabapentin
	Neurontin 300mg capsules (Pfizer Ltd)
	04.08.01.03.00

	Topiramate
	Topiramate 100mg tablets
	04.08.01.11.00

	Valproic Acid
	Valproic acid 150mg gastro-resistant capsules
	04.08.01.12.00

	Carbamazepine
	Tegretol Retard TABS 400MG
	0408010C0BBAFAH

	Carbamazepine
	Carbamazepine-P42 100mg tablet
	0408010C0AAABAB

	Zonisamide
	Zonisamide 100mg capsules
	04.08.01.14.00

	Zonisamide
	Zonisamide 50mg capsules
	04.08.01.14.00

	Valproic Acid
	sodium valproate with valproic acid modified release tablet 300mg
	04.02.03.03.00

	Valproic Acid
	sodium valproate with valproic acid modified release tablet 500mg
	04.08.01.12.00

	Phenytoin
	Phenytoin sodium 25mg capsules
	04.07.03.00.00

	Levetiracetam
	Keppra 500mg tablets (UCB Pharma Ltd)
	04.08.01.06.00

	Gabapentin
	GABAPENTIN CAPSULES 100MG
	0408010G0AAAAAA

	Primidone
	MYSOLINE tablets 250mg [ASTRAZENEC]
	04.09.03.00.00

	Pregabalin
	PREGABALIN CAPSULES 25MG
	40801

	Lamotrigine
	Lamotrigine 200mg tablets
	04.08.01.05.00

	Phenytoin
	PHENYTOIN SODIUM CAPSULES 25MG
	0408010Q0AAADAD

	Carbamazepine
	Carbamazepine 100mg tablets (Mylan Ltd)
	04.02.03.02.00

	Valproic Acid
	EPILIM SF LIQ 200MG/5ML
	0408010W0BBADAA

	Pregabalin
	Lyrica 75mg capsules (Pfizer Ltd)
	04.08.01.03.00

	Pregabalin
	Lyrica 100mg capsules (Pfizer Ltd)
	04.08.01.03.00

	Phenytoin
	Phenytoin 30mg/5ml oral suspension
	04.07.03.00.00

	Topiramate
	Topamax 25mg tablets (Janssen-Cilag Ltd)
	04.07.04.02.00

	Topiramate
	Topamax 25mg sprinkle capsules (Janssen-Cilag Ltd)
	04.08.01.11.00

	Topiramate
	Topamax 15mg sprinkle capsules (Janssen-Cilag Ltd)
	04.08.01.11.00

	Topiramate
	Topamax 50mg sprinkle capsules (Janssen-Cilag Ltd)
	04.08.01.11.00

	Valproic Acid
	sodium valproate with valproic acid modified release tablet 200mg
	04.02.03.03.00

	Valproic Acid
	Epilim 200 gastro-resistant tablets (Sanofi)
	04.08.01.12.00

	Phenobarbital
	Phenobarbital 15mg tablets
	04.08.01.07.00

	Phenobarbital
	Phenobarbital 15mg tablets (Teva UK Ltd)
	04.08.01.07.00

	Lamotrigine
	Lamotrigine TABS 25MG
	0408010H0AAACAC

	Carbamazepine
	Carbamazepine Tablets 100 mg
	0408010C0AAABAB

	Carbamazepine
	Tegretol Tablets 100 mg
	0408010C0BBAAAB

	Gabapentin
	Gabapentin 250mg/5ml oral solution
	04.07.03.00.00

	Phenytoin
	PHENYTOIN SODIUM CAPSULES 300MG
	0408010Q0AAAQAQ

	Oxcarbazepine
	Oxcarbazepine 300mg tablets
	04.08.01.01.00

	Pregabalin
	Lyrica Capsules 75 mg
	40801

	Gabapentin
	Neurontin 600mg tablets (Pfizer Ltd)
	04.08.01.03.00

	Gabapentin
	Gabapentin CAPSULES 300MG
	0408010G0AAABAB

	Carbamazepine
	TEGRETOL TABLETS 100MG
	0408010C0BBAAAB

	Pregabalin
	Pregabalin CAPS 75mg
	40801

	Pregabalin
	Lyrica CAPS 75MG
	40801

	Carbamazepine
	TEGRETOL RETARD TABLETS 200MG
	0408010C0BBAEAG

	Valproic Acid
	Valproic Acid (As Semisodium Valproate) E/c tablets 250 mg
	40203

	Lamotrigine
	Lamictal 25mg tablets (GlaxoSmithKline UK Ltd)
	04.08.01.05.00

	Carbamazepine
	CARBAMAZEPINE TABLETS 200MG
	0408010C0AAACAC

	Carbamazepine
	Carbagen SR 200mg tablets (Mylan Ltd)
	04.02.03.02.00

	Pregabalin
	Lyrica 50mg capsules (Pfizer Ltd)
	04.08.01.03.00

	Lamotrigine
	LAMOTRIGINE TABLETS 50MG
	0408010H0AAABAB

	Lamotrigine
	LAMOTRIGINE TABLETS 100MG
	0408010H0AAAAAA

	Lamotrigine
	LAMOTRIGINE TABLETS 25MG
	0408010H0AAACAC

	Gabapentin
	Gabapentin CAPS 400MG
	0408010G0AAACAC

	Primidone
	Primidone 62.5mg/5ml oral suspension
	04.08.01.07.00

	Carbamazepine
	Tegretol 100mg Chewtabs (Novartis Pharmaceuticals UK Ltd)
	04.07.03.00.00

	Lamotrigine
	LAMOTRIGINE TABLETS 200MG
	0408010H0AAA1A1

	Gabapentin
	GABAPENTIN TABLETS 800MG
	40801

	Gabapentin
	GABAPENTIN TABLETS 600MG
	40801

	Phenytoin
	Phenytoin sodium 100mg tablets (A A H Pharmaceuticals Ltd)
	04.07.03.00.00

	Carbamazepine
	Carbamazepine 200mg modified-release tablets (A A H Pharmaceuticals Ltd)
	04.08.01.01.00

	Valproic Acid
	Sodium Valproate Ec TABS 200MG
	0408010W0AAACAC

	Valproic Acid
	SODIUM VALPROATE EC TABLETS 200MG
	0408010W0AAACAC

	Valproic Acid
	EPILIM EC TABLETS 200MG
	0408010W0BBABAC

	Pregabalin
	Pregabalin CAPS 75MG
	40801

	Phenytoin
	EPANUTIN CAPSULES 100MG
	0408010Q0BBAEAA

	Carbamazepine
	Tegretol Prolonged Release 200mg tablets (Novartis Pharmaceuticals UK Ltd)
	04.08.01.01.00

	Levetiracetam
	Levetiracetam 750mg tablets
	04.08.01.06.00

	Phenobarbital
	PHENOBARBITAL TABLETS 30MG
	40801

	Primidone
	Primidone 25mg/5ml oral suspension
	04.08.01.07.00

	Primidone
	Primidone 50mg/5ml oral suspension
	04.08.01.07.00

	Gabapentin
	Gabapentin Oral solution 250 mg/5 ml
	40801

	Valproic Acid
	Sodium Valproate Mr TABS 200MG
	0408010W0AAAZAZ

	Valproic Acid
	Sodium Valproate Mr TABS 500MG
	0408010W0AAA2A2

	Phenytoin
	PHENYTOIN SODIUM TABLETS 100MG
	0408010Q0AAAGAG

	Oxcarbazepine
	Trileptal 150mg tablets (Novartis Pharmaceuticals UK Ltd)
	04.08.01.01.00

	Phenobarbital
	Phenobarbitone Tablets 30 mg
	0408010N0AAAJAJ

	Lamotrigine
	Lamotrigine 25mg dispersible tablets sugar free
	04.08.01.05.00

	Gabapentin
	Gabapentin TABS 600MG
	40801

	Carbamazepine
	Tegretol TABS 200MG
	0408010C0BBABAC

	Carbamazepine
	Carbamazepine 250mg suppositories
	04.08.01.01.00

	Valproic Acid
	Epilim Crushable TABS 100MG
	0408010W0BBAAAB

	Valproic Acid
	Sodium Valproate Mr TABS 300MG
	0408010W0AAA1A1

	Valproic Acid
	Epilim Ec TABS 200MG
	0408010W0BBABAC



Table S11 Sensitivity analyses using original and updated biological aging algorithms

	Panel A. Distribution of aging metrics by ASM use, median (IQR)

	Aging metric
	Original algorithm (N=19662)
	Updated algorithm (N=19760)

	
	ASM use
(n = 4901)
	Non-ASM use 
(n = 14761)
	Pᵃ
	ASM use
(n = 4940)
	Non-ASM use 
(n = 14820)
	Pᵇ

	HD-log
	2.99
(2.37, 3.63)
	2.84
(2.28, 3.40)
	<.001
	6.69 
(6.02,7.37)
	6.53 
(5.86, 7.18)
	<.001

	KDM residual
	0.28
(−6.89, 7.72)
	-0.64
(−7.65, 6.81)
	<.001
	0.61 
(-2.69,4.17)
	-0.27 
(-3.38, 3.13)
	<.001

	PhenoAge 
residual
	0.18
(−2.55, 2.63)
	-0.65
(−2.91, 1.94)
	<.001
	-0.01 
(-3.15,3.77)
	-0.54 
(-3.60, 2.88)
	<.001



	Panel B. Multivariable-adjusted associations of ASM use with aging metrics, β (95% CI)

	Aging metric
	Original algorithm: β (95% CI)
	Pᶜ
	Updated algorithm: β (95% CI)
	Pᵈ

	HD-log
	0.16
(0.13,0.19)
	<0.001
	0.18
(0.15,0.22)
	<0.001

	KDM residual
	0.88
(0.54,1.22)
	<0.001
	0.82
(0.65,0.99)
	<0.001

	PhenoAge 
residual
	0.53
(0.40,0.66)
	<0.001
	0.65 
(0.48,0.83)
	<0.001



Panel A reports median (IQR); sample sizes differ because of metric availability (original algorithm, N = 19,662; updated algorithm, N = 19,760). Pᵃ and Pᵇ are from two-sided Mann-Whitney U tests. Panel B reports adjusted β coefficients (95% CIs) for ASM use versus non-use; Pᶜ and Pᵈ test H₀: β = 0. Models were adjusted for age, sex, race/ethnicity, Townsend Deprivation Index, epilepsy status, smoking, and alcohol intake.

Table S12 Sensitivity analysis excluding participants with epilepsy

	Panel A. Full cohort vs epilepsy-excluded cohort, median (IQR)

	Aging metrics
	Full cohort (N=19760) 
	Epilepsy excluded (N=18895)

	
	ASM use
(n = 4940)
	Non-ASM use
(n = 14820)
	Pᵃ
	ASM use
(n = 4178)
	Non-ASM use 
(n = 14717)
	Pᵇ

	HD-log
	6.69
(6.02,7.37)
	6.53
(5.86, 7.18)
	<0.001
	6.70 
(6.03, 7.39)
	6.53
 (5.86, 7.18)
	<0.001

	KDM residual
	0.61
(-2.69, 4.17)
	-0.27
(-3.38, 3.13)
	<0.001
	0.61 
(−2.69, 4.08)
	-0.27 
(−3.39, 3.13)
	<0.001

	PhenoAge residual
	-0.01
(-3.15, 3.77)
	-0.54
(-3.60, 2.88)
	<0.001
	-0.02 
(−3.10, 3.77)
	-0.53
(−3.60, 2.87)
	<0.001

	Z-LTL
	-0.04 
(−0.70, 0.59)
	-0.02 
(−0.66, 0.64)
	0.017
	-0.05 
(−0.71, 0.58)
	-0.02 
(−0.66, 0.64)
	0.006




	Panel B. Primary and sensitivity analyses (β, 95% CI)

	Aging metrics
	Primary analyses: 
β (95% CI)
	Pᶜ
	Sensitivity analyses:
 β (95% CI)
	Pᵈ

	HD-log
	0.18
(0.15,0.22)
	<0.001
	0.19
(0.16,0.22)
	<0.001

	KDM residual
	0.82
(0.65,0.99)
	<0.001
	0.85
（0.678–1.030）
	<0.001

	PhenoAge 
residual
	0.65 
(0.48,0.83)
	<0.001
	0.70
（0.525–0.872）
	<0.001

	Z-LTL
	-0.06
(-0.09, -0.02)
	 <0.001
	-0.059
(-0.092, -0.025) 
	<0.001



Panel A reports median (IQR) in the full matched cohort (N = 19,760) and the epilepsy-excluded cohort (N = 18,895; 4,178 ASM users and 14,717 non-users). Pᵃ and Pᵇ are from two-sided Mann-Whitney U tests.
Panel B reports adjusted β coefficients (95% CIs) for ASM use versus non-use; Pᶜ and Pᵈ test H₀: β = 0. Models were adjusted for age, sex, race/ethnicity, Townsend Deprivation Index, epilepsy status (full cohort only), smoking, and alcohol intake.
