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[bookmark: _Toc188370698]Supplementary table 1: systematic search strategy
	MEDLINE
	EMBASE
	Cochrane Handbook for Systematic Reviews of Interventions

	artifi* sweet*.mp.
	artifi* sweet*.mp.
	artifi* sweet*.mp

	non-calori*.mp.
	non-calori*.mp.
	non-calori*.mp.

	noncalori*.mp.
	noncalori*.mp.
	noncalori*.mp.

	non-caloric.mp.
	non-caloric.mp.
	non-caloric.mp.

	non-sugar.mp.
	non-sugar.mp.
	non-sugar.mp.

	nonsugar.mp.
	nonsugar.mp.
	nonsugar.mp.

	non-nutritive*.mp.
	non-nutritive*.mp.
	non-nutritive*.mp.

	nonnutritive*.mp.
	nonnutritive*.mp.
	nonnutritive*.mp.

	low-calori*.mp.
	low-calori*.mp.
	low-calori*.mp.

	lowcalori*.mp.
	lowcalori*.mp.
	lowcalori*.mp.

	low calorie sweeten*.mp.
	low calorie sweeten*.mp.
	low calorie sweeten*.mp.

	natural sweet*.mp.
	natural sweet*.mp.
	natural sweet*.mp.

	natural sweetening agent*.mp.
	natural sweetening agent*.mp.
	natural sweetening agent*.mp.

	non-nutritive sweetener/
	non-nutritive sweetener/
	Non-nutritive sweetener.mp. [mp=title, short title, abstract, full text, keywords, caption text]

	Sweetening Agents/
	Sweetening Agents/
	sweetening agent*.mp.

	sweetening agent*.mp.
	sweetening agent*.mp.
	sugar substitute*.mp.

	sugar substitute*.mp.
	sugar substitute*.mp.
	zero calori*.mp.

	zero calori*.mp.
	zero calori*.mp.
	no calori*.mp.

	no calori*.mp.
	no calori*.mp.
	sugar-free.mp.

	sugar-free.mp.
	sugar-free.mp.
	diet soda.mp.

	diet soda.mp.
	diet soda.mp.
	diet beverage*.mp.

	diet beverage*.mp.
	diet beverage*.mp.
	artificial* sweet* beverage.mp.

	artificial* sweet* beverage.mp.
	artificial* sweet* beverage.mp.
	aspartame.mp.

	aspartame.mp.
	aspartame.mp.
	neotame.mp.

	exp Aspartame/
	exp Aspartame/
	saccharin.mp.

	neotame.mp.
	neotame.mp.
	sucralose.mp.

	saccharin.mp.
	saccharin.mp.
	stevia.mp.

	exp Saccharin/
	exp Saccharin/
	acesulfame.mp.

	sucralose.mp.
	sucralose.mp.
	Or/1-28

	stevia.mp.
	stevia.mp.
	

	exp Stevia/
	exp Stevia/
	

	acesulfame.mp.
	acesulfame.mp.
	

	exp Carbonated Beverages/
	exp Carbonated Beverages/
	

	or/1-33
	or/1-33
	

	review.pt.
	exp review/
	

	(medline or medlars or embase or pubmed or cochrane).tw,sh.
	(literature adj3 review$).ti,ab.
	

	(scisearch or psychinfo or psycinfo).tw,sh.
	exp meta analysis/
	

	(psychlit or psyclit).tw,sh.
	exp Systematic Review/
	

	cinahl.tw,sh.
	(medline or medlars or embase or pubmed or cinahl or amed or psychlit or psyclit or psychinfo or psycinfo or scisearch or cochrane).ti,ab.
	

	((hand adj2 search$) or (manual$ adj2 search$)).tw,sh.
	RETRACTED ARTICLE/
	

	(electronic database$ or bibliographic database$ or computeri?ed database$ or online database$).tw,sh.
	(systematic$ adj2 (review$ or overview)).ti,ab.
	

	(pooling or pooled or mantel haenszel).tw,sh.
	(meta?anal$ or meta anal$ or meta-anal$ or metaanal$ or metanal$).ti,ab.
	

	(peto or dersimonian or der simonian or fixed effect).tw,sh.
	or/35-42
	

	(retraction of publication or retracted publication).pt.
	43 and 34
	

	meta-analysis.pt.
	limit 44 to animals
	

	meta-analysis.sh.
	44 not 45
	

	(meta-analys$ or meta analys$ or metaanalys$).tw,sh.
	limit 46 to (editorial or letter or book)
	

	(systematic$ adj5 review$).tw,sh.
	46 not 47
	

	(systematic$ adj5 overview$).tw,sh.
	
	

	(quantitativ$ adj5 review$).tw,sh.
	
	

	(quantitativ$ adj5 overview$).tw,sh.
	
	

	(quantitativ$ adj5 synthesis$).tw,sh.
	
	

	(methodologic$ adj5 review$).tw,sh.
	
	

	(methodologic$ adj5 overview$).tw,sh.
	
	

	(integrative research review$ or research integration).tw.
	
	

	(retraction of publication or retracted publication).pt.
	
	

	or/35-56
	
	

	57 and 34
	
	

	limit 58 to (animals and (autobiography or bibliography or biography or case reports or comment or congress or editorial or guideline or interactive tutorial or interview or lecture or legal case or legislation or letter or news or newspaper article or personal narrative or portrait or practice guideline))
	
	

	58 not 59
	
	


	Database 
	Total

	MEDLINE 1946 to December 9th, 2024
Embase 1947 to December 9th, 2024
Cochrane 1991 to December 9th, 2024
Manual
Total
	2948
4103
123
1
7175



[bookmark: _Toc188370699]Supplementary table 2: PICOTS framework of the search strategy
	PICOTS framework (1) defined in the present umbrella review 

	Participants
	Interventions
	Comparators (for systematic reviews and meta-analyses of trials)
	Outcomes
	Time
	Study design

	Adult individuals (>18 years) of any health backgrounds except in pregnancy
	Oral LNCS intake 

LNCS were defined as high-intensity sweeteners (compared to sucrose). These sweeteners may have calories; however, their energy contribution is negligible due to the high sweetness intensity, meaning smaller amounts are used in foods. This definition does not include sugar alcohols (e.g. xylitol, erythritol, etc.) as they are not high intensity, so their caloric contributions are non-negligible.
	1)  Sugars
2) Placebo, water or usual diet
3) Naïve: lumping of all comparators
	For systematic reviews and meta-analyses of trials: Energy intake (kcals/d), body weight (kg), BMI (kg/m2), body fat (%), WC (cm), HbA1c (%), FPG (mmol/L), FPI (pmol/L), 2hr-PG (mmol/L), glucose AUC (mmol*min/L), SBP (mmHg), DBP (mmHg), LDL-C (mmol/L), non-HDL-C (mmol/L), HDL-C (mmol/L), TG (mmol/L), ApoB (mmol/L), IHCL (%), ALT (U/L), AST (U/L), Fatty liver index

For systematic reviews and meta-analyses of cohorts: Change in energy intake (kcals), BMI (kg/m2), body weight (kg), body fat (%), WC (cm), incidence of overweight or obesity, incidence MetS, incidence T2D, incidence CVD, incidence CHD, incidence stroke, CVD mortality, CHD mortality, stroke mortality, incidence MASLD, total mortality
	For systematic reviews and meta-analyses of trials: ≥7 days

For systematic reviews and meta-analyses of cohorts: ≥1 year

	Systematic reviews and meta-analyses of randomized controlled trials or of prospective cohort studies. 

Each outcome will be included if there are systematic reviews and meta-analyses that report on at least two methodology types (naïve and bias-adjusted). Methodology types include: 

For systematic reviews and meta-analyses of trials:
1) Bias-adjusted: intended substitution i.e., where LNCS are replacing sugars
2) Bias-adjusted: reference substitution i.e., where LNCS are replacing water or placebo interventions
3) Naïve: lumping of all comparators i.e., sugars, water/placebo and usual diet comparators 
For systematic reviews and meta-analyses of cohorts:
1) Naïve: Prevalent analyses i.e., baseline analysis, where LNCS exposure is measured once only at baseline 
2) Bias-adjusted: intended substitution analyses i.e., modeling substitution of LNCS for sugars, 
3) Bias-adjusted: reference substitution analyses i.e., modeling substitution of LNCS for water or placebo 
4) Bias-adjusted: change analyses i.e., modeling change in LNCS exposure over time instead of only assessing LNCS exposure at baseline 


2hr-PG=post-prandial plasma glucose; ALT=alanine aminotransferase; apoB=apolipoprotein B; AST=Aspartate aminotransferase; AUC=area under the curve; BMI=body mass index; CHD=coronary heart disease; CVD=cardiovascular disease; D=day; DBP=diastolic blood pressure; FPG=fasting plasma glucose; FPI=fasting plasma insulin; HbA1c=glycosylated hemoglobin; HDL-C=high-density lipoprotein cholesterol; IHCL=Intrahepatocellular lipid; Kcals=kilocalories; LDL-C=low-density lipoprotein cholesterol; LNCS=low- and no-calorie sweeteners; MASLD= Metabolic dysfunction–associated steatotic liver disease; MetS=metabolic syndrome; non-HDL-C=non-high-density lipoprotein cholesterol; PICOTS=participants, interventions, comparators, outcomes, time and study design; SBP=systolic blood pressure; T2D=type 2 diabetes; TG=triglycerides; WC=waist circumference

[bookmark: _Toc188370700]Supplementary table 3: List of SRMAs eligible but excluded 
	Reference
	Outcomes
	Methodology type
	Reason for exclusion

	Systematic reviews and meta-analyses of trials

	Wiebe et al. 2011 (2)
	Energy intake, BW, BMI, HbA1c, post-prandial glucose, HDL-C, TG
	Intended substitution
	Not the most recent SRMA and some outcomes had less than one other methodology types

	Lohner et al. 2020 (3)
	BW, BMI, HbA1c, fasting glucose, post-prandial glucose, fasting insulin, LDL-C, HDL-C, TG
	Intended substitution & reference substitution
	Not the most recent SRMA and some outcomes had less than one other methodology types

	Rogers et al. 2021 (4)
	Energy intake, BW, BMI (reference substitution only)
	Intended substitution & reference substitution
	Not the most recent SRMA

	Golzan et al. 2023 (5)
	ALT, AST
	Reference substitution
	Outcomes had less than one other methodology types

	Systematic reviews and meta-analyses of cohorts

	Greenwood et al. 2014 (6)
	Incidence T2D
	Prevalent analysis
	Not the most recent SRMA

	Imamura et al. 2015 (7)
	Incidence T2D
	Prevalent analysis
	Not the most recent SRMA

	Narain et al. 2016 (8)
	Incidence stroke, all-cause mortality
	Prevalent analysis
	Not the most recent SRMA

	Narain et al. 2017 (9)
	Incidence MetS
	Prevalent analysis
	Not the most recent SRMA

	Qin et al. 2020 (10)
	Incidence overweight/obesity, incidence T2D, all-cause mortality
	Prevalent analysis
	Not the most recent SRMA

	Zhang et al. 2021 (11)
	CVD mortality, all-cause mortality
	Prevalent analysis
	Not the most recent SRMA

	Jiang et al. 2021 (12)
	Incidence CVD, incidence CHD, incidence stroke
	Prevalent analysis
	Not the most recent SRMA

	Zhang et al. 2021 (13)
	CVD mortality, all-cause mortality
	Prevalent analysis
	Not the most recent SRMA

	Yin et al. 2021 (14)
	Incidence CVD, CVD mortality
	Prevalent analysis
	Not the most recent SRMA

	Meng et al. 2021 (15)
	Incidence T2D, Incidence CVD, all-cause mortality
	Prevalent analysis
	Not the most recent SRMA

	Yang et al. 2022 (16)
	Incidence CVD, incidence stroke, CVD mortality, all-cause mortality
	Prevalent analysis
	Not the most recent SRMA

	Pan et al. 2022 (17)
	CVD mortality, all-cause mortality
	Prevalent analysis
	Not the most recent SRMA

	Yan et al. 2022 (18)
	All-cause mortality
	Prevalent analysis
	Not the most recent SRMA

	Krittanawong et al. 2022 (19)
	Incidence CVD, incidence CHD, incidence stroke, all-cause mortality
	Prevalent analysis
	Not the most recent SRMA and some outcomes had less than one other methodology types

	Bhagavathula et al. 2022 (20)
	CVD mortality
	Prevalent analysis
	Not the most recent SRMA

	Systematic reviews and meta-analyses of both trials and cohorts

	Miller et al. 2014 (21)
	Trials: BW, BMI, BF, WC
Cohorts: BMI, BW
	Trials: Lumping of all comparators
Cohorts: prevalent analysis
	Not the most recent SRMA and some outcomes had less than one other methodology types

	Rogers et al. 2016 (22)
	Trials: energy intake, BW
Cohorts: BW
	Trials: intended substitution & reference substitution
Cohorts: prevalent analysis
	Not the most recent SRMA

	Azad et al. 2017 (23)
	Trials: BW, BMI, BF, WC, HbA1c
Cohorts: BMI, BW, WC, incidence overweight/obesity, incidence MetS, incidence T2D, incidence CVD, incidence CHD, incidence stroke
	Trials: Lumping of all comparators
Cohorts: prevalent analysis
	Not the most recent SRMA and some outcomes had less than one other methodology types


ALT=alanine aminotransferase; AST= aspartate aminotransferase; BF=body fat; BMI=body mass index; BW=body weight, CHD=coronary heart disease; CVD=cardiovascular disease; HbA1c=glycosylated hemoglobin; HDL-C=high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein cholesterol; MetS=metabolic syndrome; SRMA=systematic review and meta-analysis; T2D=Type 2 diabetes; TG=triglycerides; WC=waist circumference


[bookmark: _Toc188370701]Supplementary table 4: GRADE certainty of evidence assessment where GRADE was not conducted by the authors of the included SRMAs
	Outcome and Methodology type
	Design
	Quality assessment
	Effect/estimate (MD/RR/HR [95%CI], P) 
	Quality
	Interpretation of Magnitude of Effect

	
	
	Downgrades
	
	Upgrades
	
	
	

	
	
	Study limitations (Risk of Bias)
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	
	Dose response
	Attenuation
	Large estimate size
	
	
	

	Body weight (kg)
	

	Intended substitution (24)
	Trial-based SRMAs 
	Not serious
	Serious
	Serious
	Serious
	None
	
	None
	NA
	NA
	
	-0.71 [-1.19, -0.24] kg
	⨁◯◯◯	Comment by Meaghan Kavanagh: Missing O ?
Very low
	Trivial

	Justification
	
	Majority of studies rated with low/unclear risk of bias
	Evidence of serious heterogeneity (I2=78%
Pq<0.01)
	Number and type of trials limited generalizability of the results
	The confidence interval (-1.19, -0.24kg) crosses the MID (1kg) 
	Non-significant funnel plot
	
	
	
	
	
	
	
	

	Reference substitution (water) (24)
	
	Not serious
	Serious
	Serious
	Not serious
	None
	
	None
	NA
	NA
	
	-0.18 [-0.64, 0.29] kg
	⨁⨁◯◯
Low
	No effect

	Justification
	
	Majority of studies rated with low/unclear risk of bias
	Evidence of serious heterogeneity (I2=85%
Pq<0.01)
	Number and type of trials limited generalizability of the results
	The confidence interval (-0.64, 0.29kg) does not cross the MID (1kg)
	Insufficient number of trials to assess
	
	
	
	
	
	
	
	

	Reference substitution (placebo) (24)
	
	Not serious
	Not serious
	Serious
	Not serious
	None
	
	None
	NA
	NA
	
	-0.15 [-0.38, 0.08] kg
	⨁⨁⨁◯
Moderate
	No effect

	Justification
	
	Majority of studies rated with low/unclear risk of bias
	No evidence of heterogeneity
	Number and type of trials limited generalizability of the results
	The confidence interval (-0.38, 0.08kg) does not cross the MID (1kg)
	Insufficient number of trials to assess
	
	
	
	
	
	
	
	

	Type 2 diabetes incidence

	Prevalent analysis (25)
	Cohort-based SRMAs 
	Not serious
	Not serious
	Not serious
	Not serious
	None
	
	Linear
	Attenuated
	None
	
	1.32 [1.11, 1.56]
	⨁⨁⨁⨁
High
	Large

	Justification
	
	Average NOS>6
	Serious heterogeneity (I2=93%, Pq<0.001) which was explained by stratification by sex and BMI 
	Number and types of cohorts did not limit the generalizability of the results
	The confidence interval (1.11, 1.56) did not cross the MID (0.05) 
	Non-significant funnel plot
	
	
	Attenuation by adjusting for BMI (see subgroup table: supplementary table 18)
	
	
	
	
	

	CHD incidence

	Prevalent analysis (1 dose/d) (26)
	Cohort-based SRMAs
	Not serious
	Serious
	Serious
	Serious
	None
	
	None
	None
	None
	
	1.13 [0.89, 1.43], P=0.315
	⨁◯◯◯
Very low
	No effect

	Justification
	
	All studies were rated as low NOS
	Evidence of serious heterogeneity (I2=87%, Pq<0.01)

	Number and type of cohorts limited generalizability of the results
	The confidence interval (0.89, 1.43) crosses the MID (0.05) 	Comment by Meaghan Kavanagh: Suggest going with either “Crosses” or “crossed” for consistency
	Insufficient number of cohorts to assess
	
	
	
	
	
	
	
	

	Stroke incidence
	
	
	
	
	
	
	
	
	
	
	
	
	

	Prevalent analysis (1 dose/d) (26)
	Cohort-based SRMAs
	Not serious
	Not serious
	Serious
	Serious
	None
	
	None
	None
	None
	
	1.16 [1.01, 1.32], P=0.036
	⨁◯◯◯
Very low
	Moderate

	Justification
	
	All studies were rated as low NOS
	No evidence of heterogeneity
	Number and type of cohorts limited generalizability of the results
	The confidence interval 1.01, 1.32) crosses the MID (0.05)
	Insufficient number of cohorts to assess
	
	
	
	
	
	
	
	

	Prevalent analysis (2 dose/d) (26)
	
	Not serious
	Not serious
	Serious
	Serious
	None
	
	None
	None
	None
	
	1.12 [0.99, 1.28], P=0.082
	⨁◯◯◯
Very low
	No effect

	Justification
	
	All studies were rated as low NOS
	No evidence of heterogeneity
	Number and type of cohorts limited generalizability of the results
	The confidence interval 0.99, 1.28) crosses the MID (0.05)
	Insufficient number of cohorts to assess
	
	
	
	
	
	
	
	

	CVD mortality
	
	
	
	
	
	
	
	
	
	
	
	
	

	Substitution analysis (27)
	Cohort-based SRMAs
	Not serious
	Not serious
	Serious
	Not serious
	None
	
	Linear
	None
	None
	
	0.94 [0.90, 0.99]
	⨁⨁◯◯
Low
	Large

	Justification
	
	All included cohorts were of high quality
	No evidence of heterogeneity
	Number and type of cohorts limited generalizability of the results
	The confidence interval (0.90, 0.99) did not cross the MID (0.05) 	Comment by Meaghan Kavanagh: Confirm I am not making a mistake
	Insufficient number of cohorts to assess
	
	
	
	
	
	
	
	

	Prevalent analysis (1 doses/d) (26)
	
	Not serious
	Serious
	Serious
	Not serious
	None
	
	None
	None
	None
	
	1.30 [1.10, 1.53], P=0.002
	⨁◯◯◯
Very low
	Large

	Justification
	
	All cohorts were rated as low NOS
	Evidence of serious heterogeneity (I2=63%, Pq=0.030)

	Number and type of cohorts limited generalizability of the results
	The confidence interval (1.10, 1.53) did not cross the MID (0.05) 
	Insufficient number of cohorts to assess
	
	
	
	
	
	
	
	

	Prevalent analysis (2 doses/d) (26)
	
	Not serious
	Serious
	Serious
	Not serious
	None
	
	None
	None
	None
	
	1.30 [1.07, 1.57], P=0.007
	⨁◯◯◯
Very low
	Large

	Justification
	
	All cohorts were rated as low NOS
	Evidence of serious heterogeneity (I2=72%, Pq=0.010)

	Number and type of cohorts limited generalizability of the results
	The confidence interval (1.07, 1.57) did not cross the MID (0.05) 
	Insufficient number of cohorts to assess
	
	
	
	
	
	
	
	

	All-cause mortality
	
	
	
	
	
	
	
	
	
	
	
	
	

	Substitution analysis (27)
	Cohort-based SRMAs
	Not serious
	Not serious
	Serious
	Serious
	None
	
	Linear
	None
	None
	
	0.96 [0.94, 0.98]
	⨁◯◯◯
Very low
	Large

	Justification
	
	All included cohorts were of high quality
	No evidence of heterogeneity
	Number and type of cohorts limited generalizability of the results
	The confidence interval (0.94, 0.98) crosses the MID (0.05)
	Insufficient number of cohorts to assess
	
	
	
	
	
	
	
	

	Prevalent analysis (1 doses/d) (26)
	
	Not serious
	Serious
	Serious
	Serious
	None
	
	None
	None
	None
	
	1.14 [1.03, 1.26], P=0.009
	⨁◯◯◯
Very low
	Moderate

	Justification
	
	All cohorts were rated as low NOS
	Evidence of serious heterogeneity (I2=79%
Pq<0.01)
	Number and type of cohorts limited generalizability of the results
	The confidence interval (1.03, 1.26) crosses the MID (0.05)
	Insufficient number of cohorts to assess
	
	
	
	
	
	
	
	

	Prevalent analysis (2 doses/d) (26)
	
	Not serious
	Serious
	Serious
	Serious
	None
	
	None
	None
	None
	
	1.14 [1.00, 1.30], P=0.054
	⨁◯◯◯
Very low
	No effect

	Justification
	
	All studies were rated as low NOS
	Evidence of serious heterogeneity (I2=83%
Pq<0.01)
	Number and type of cohorts limited generalizability of the results
	The confidence interval (1.00, 1.30) crosses the MID (0.05)
	Insufficient number of cohorts to assess
	
	
	
	
	
	
	
	


For SRMAs of randomized controlled trials, the certainty of the evidence was graded as high for all outcomes by default and then downgraded or upgraded based on pre-specified criteria. For SRMAs of prospective cohorts, the certainty of the evidence was graded as low for all outcomes by default and then downgraded or upgraded based on pre-specified criteria. Criteria for downgrades included risk of bias (downgraded if the majority of trials were considered to be at high risk of bias); inconsistency (downgraded if there was substantial unexplained heterogeneity [I2 ≥ 50%, P < 0.1]; indirectness (downgraded if there were factors absent or present relating to the participants, interventions, or outcomes that limited the generalizability of the results); imprecision (downgraded if the 95% confidence interval crossed the minimally important difference [MID] for harm or benefit for each outcome (set at 1kg for body weight, and 0.05 for RR and HRs); and publication bias (downgraded if there is evidence of publication bias based on funnel plot asymmetry and/or significant Egger’s or Begg’s tests (P<0.1) with confirmation by adjustment by Duval and Tweedie trim-and-fill analysis). Criteria for upgrades included a significant dose-response gradient for trials and for cohorts, a large magnitude of association (relative risk, (RR) ≤ 0.5 or ≥2), a dose–response gradient, or attenuation by plausible confounding. For the interpretation of the magnitude, we used the MIDs to assess the importance of magnitude of our pooled estimates using the effect size categories according to new GRADE guidance. We then used the MIDs to assess the importance of the magnitude of our point estimates using the effect size categories according GRADE guidance (28-30) as follows: large effect (≥5x MID); moderate effect (≥2x MID); small important effect (≥1x MID); and trivial/unimportant effect (< 1 MID).
BMI=body mass index; CHD=coronary heart disease; CVD=cardiovascular disease; GRADE= Grading of Recommendations Assessment, Development, and Evaluation; HR=hazard ratio; MD=mean difference; MID=minimally important difference; NA=not applicable; NOS=Newcastle-Ottawa scale; RR=risk ratio; SRMA=systematic review and meta-analysis.
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