Supplementary Material 1. Comprehensive Search Strategy
	Database
	Search Syntax
	Hits
	Filters

	PubMed
	("TA 65"OR "TA-65"OR "cycloastragenol" OR "astragaloside IV)" AND ("telomere" OR "telomerase activation" OR "biological aging" OR "senescence")
	3,215
	2005/01/01–2024/10/31; English

	[bookmark: _Hlk196318126]Embase
	('TA 65': OR 'TA-65': OR 'cycloastragenol': OR 'astragaloside IV': AND ('telomere': OR 'telomerase activation': OR 'biological aging': OR 'senescence':)
	4,892
	2005–2024; English

	Cochrane Library
	(TA 65 OR TA-65 OR cycloastragenol OR astragaloside IV) AND (telomere OR "telomerase activation" OR "biological aging" OR senescence)
	1,037
	2005–2024; English

	ClinicalTrials.gov
	Search Terms: ("TA-65" OR "cycloastragenol") AND ("telomere" OR "aging")
	2,201
	 2005–2023; English

	Manual Search
	Reference lists of included articles and relevant reviews
	1,000*
	–



Supplementary Material 2 Complete Data Extraction Sheet

Supplementary Material 3 Complete R Script for Meta-Analysis and Statistical Procedures

Table S1 Comparison with Prior Systematic Reviews
	Review 
(Year)
	Included Studies
	Key 
Findings
	Major 
Limitations
	Advancements in Current Study

	Huang et al. (2024)

	8 preclinical
(in vitro/vivo)
	• Rosa roxburghii extract increased telomerase activity by 2.8-fold
• Reduced p16INK4a in senescent fibroblasts
	• No human trials
• Zero functional outcomes
• Limited to botanical extracts
• No safety assessment
	Human functional metrics:
• First meta-analysis of SPPB, grip strength, 6MWT
•Quantified frailty-inflammation disconnect (SMD=0.09 vs. -0.11)

	Borowicz et al. (2025)

	4 RCTs
(n=250)
	• TA-65 increased telomere length by 4.3%
• 12% reduction in senescent T-cells
• Minimal side effects
	• Ignored industry bias
• No subgroup analyses
• Heterogeneity not addressed
• Short follow-up (≤12mo)
	Commercial bias quantification:
• Industry-funded trials inflated effects by 32% (ΔSMD=0.23, p=0.03)
• Trim-and-fill correction (-52% effect size)

	Liu et al. (2017)

	3 RCTs + 5 observational
	• Astragalus extracts improved mitochondrial function
• Telomere stabilization in 65+ cohort
	• Mixed interventions (TA-65 + other compounds)
• No RCT pooling
• Subjective outcome metrics
	Purified TA-65 isolation:
• Excluded combination therapies
• Standardized dosing (10-50mg/day)
• Dose-response analysis (p=0.20)

	Current Study (2024)
	8 RCTs
(n=750)
	• Moderate telomere elongation (SMD=0.47)
• No functional improvement
• Age-stratified effects
• Mild GI adverse events (12.4%)
	• Limited long-term safety data
• Heterogeneity in telomere assays
	Multidimensional integration:
• GRADE evidence profiling
• SEER cancer registry linkage
• Clinical decision algorithm




Table S2: CONSORT 2010 Checklist Adherence Assessment for Included RCTs
	[bookmark: _Hlk204691430]CONSORT Item
	Key Requirement
	Study ID
	10
	11
	13
	15
	19
	20
	21
	22
	Compliance Rate
	CONSORT Item
	Key Requirement
	Study ID

	1a
	Title identifies as randomized trial
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	100%
	
	1a
	Title identifies as randomized trial
	✓

	2a
	Scientific background and rationale explained
	✓
	✓
	✓
	✓
	✗
	✓
	✓
	✓
	87.5%
	
	2a
	Scientific background and rationale explained
	✓

	3b
	Eligibility criteria specified
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	100%
	
	3b
	Eligibility criteria specified
	✓

	7a
	Sample size justification
	✗
	✓
	✓
	✓
	✗
	✓
	✗
	✓
	62.5%
	
	7a
	Sample size justification
	✗

	8a
	Random sequence generation method
	✓
(Computer)
	✓
(Block)
	✓
(Stratified)
	✓
(Computer)
	✗
	✓
(Block)
	✗
	✓

(Stratified)
	75%
	
	8a
	Random sequence generation method
	✓
(Computer)

	9
	Allocation concealment mechanism
	✗
(NR)
	✓
(Sealed envelopes)
	✓
(Central)
	✗
(NR)
	✗
(NR)
	✓
(Pharmacy)
	✓
(Sealed)
	✓
(Central)
	62.5%
	
	9
	Allocation concealment mechanism
	✗
(NR)

	10
	Who generated allocation sequence
	✗
	✓
	✓
	✗
	✗
	✓
	✓
	✓
	62.5%
	
	10
	Who generated allocation sequence
	✗

	11a
	Blinding of participants/personnel
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	100%
	
	11a
	Blinding of participants/personnel
	✓

	11b
	Blinding of outcome assessors
	✓
	✗
	✓
	✗
	✓
	✓
	✓
	✓
	87.5%
	
	11b
	Blinding of outcome assessors
	✓

	13a
	Participant flow diagram
	✓
	✓
	✓
	✓
	✗
	✓
	✓
	✓
	87.5%
	
	13a
	Participant flow diagram
	✓

	14a
	Intention-to-treat analysis
	✓
	✓
	✓
	✗
(Per-protocol)
	✓
	✓
	✓
	✗
(Modified)
	75%
	
	14a
	Intention-to-treat analysis
	✓

	15
	Baseline characteristics reported
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	100%
	
	15
	Baseline characteristics reported
	✓

	17a
	Primary outcomes with effect sizes
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	100%
	
	17a
	Primary outcomes with effect sizes
	✓

	19
	Harms/adverse events reported
	✓
	✓
	✓
	✓
	✗
	✓
	✓
	✓
	87.5%
	
	19
	Harms/adverse events reported
	✓


Abbreviations:
✓ = Fully reported; ✗ = Not reported; NR = Not reported; Central = Centralized allocation system

Table S3 Justifications for RoB judgments
	Study ID (Author, Year)
	D1: Randomization Process
	D2: Deviations from Intended Interventions
	D3: Missing Outcome Data
	D4: Measurement of the Outcome
	D5: Selection of the Reported Result
	Overall Risk of Bias

	10 (Tsoukalas et al., 2019)
	Low
	Low
	Low
	Low
	Low
	Low

	11 (Fernandez et al., 2018)
	Some concerns
	Low
	Low
	Low
	Some concerns
	Some concerns

	13 (Bawamia et al., 2023)
	Low
	Low
	Low
	Low
	Low
	Low

	15 (Salvador et al., 2016)
	Low
	Low
	Low
	Low
	Low
	Low

	19 (Harley et al., 2011)
	Some concerns
	Low
	High
	Low
	Some concerns
	High

	20 (Maier et al., 2020)
	Low
	Low
	Low
	Low
	Low
	Low

	21 (Lavretsky et al., 2013)
	Low
	Low
	Low
	Low
	Low
	Low

	22 (Paola et al., 2022)
	Some concerns
	Low
	Low
	Low
	Some concerns
	Some concerns


Domains (D):
D1: Bias arising from the randomization process.
D2: Bias due to deviations from the intended interventions.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.
Judgments:
· Low risk
· Some concerns
· High risk
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