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Definition of low-energy sweeteners (LES) 

We defined LES as sweeteners and sweetener systems that contribute negligible energy to the product 

(i.e., typically <15% of the ‘standard’ or control caloric sweetener system, in most cases sucrose(1)). 

Clearly included were products where sweetness is predominantly derived from intense and non-caloric 

sweeteners (e.g., saccharin, aspartame, cyclamate, sucralose, acesulfame-K, stevia, erythritol) as direct 

replacements for sugars. We did not separately assess or compare effects of these different specific 

sweeteners, as they represent a diversity of molecular structures and there is limited hypothetical basis 

and empirical evidence to make such comparisons. Excluded were products using fructose or other 

caloric sugars or sweetener systems (e.g., intense sweeteners together with maltodextrins or sugars) in 

place of sucrose to achieve more limited reduction in energy content.  

  



Rogers et al. Low energy sweeteners systematic review. Supplemental Information. 

5 

 

Medline search terms 

1. Body Weight/ or Energy Intake/ or Energy Metabolism/ or Obesity/ 
2. (weight and (control or gain$ or los$ or change$ or increas$ or reduc$)).ti,ab. 
3. (body adj1 (weight or fat or composit$)).ti,ab. 
4. Adipo$.ti,ab. 
5. BMI.ti,ab. 
6. waist circumferenc$.ti,ab. 
7. lean body mass.ti,ab. 
8. percentage body fat.ti,ab. 
9. corpulen$.ti,ab. 
10. fat.ti,ab. 
11. obes$.ti,ab. 
12. overweight.ti,ab. 
13. over weight.ti,ab. 
14. slim$.ti,ab. 
15. (weight adj6 (cyc$ or reduc$ or los$ or maint$ or decreas$ or watch$ or control$ or gain$ or 

chang$)).ti,ab. 
16. waist-hip ratio.ti,ab. 
17. exp abdominal fat/ 
18. ((food or energy or calor$) and intake$).ti,ab. 
19. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 
20. *Saccharin/ 
21. cyclamat$.ti,ab. 
22. acesulfame-k.ti,ab. 
23. stevia.ti,ab. 
24. (sugar adj1 replacer).ti,ab. 
25. *Sweetening Agents/ 
26. erythritol.ti,ab. 
27. ((sugar-free or sugar free or reduced-sugar$) and (product$ or food$ or beverag$ or drink$)).ti,ab. 
28. ((artificial$ or intens$ or high-intens$ or non-calori$ or reduced- or reduc$ or low-energ$ or low-

calori$) and sweetener$).ti,ab. 
29. aspartame$.ti,ab. 
30. sucralos$.ti,ab. 
31. 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 
32. 19 and 31 
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Systematic review and meta-analysis methods 

Overall methods for the systematic review 

We excluded duplicates and obviously irrelevant articles on the basis of the article title or abstract, and 

allocated the remaining articles to subgroups of studies for review. Articles were included or excluded 

based initially on review of the abstract and then, where required review of the full report. Additional 

articles were identified by searching the references lists of reviews and included articles. We performed 

meta-analyses of the observational and the short-term and sustained intervention studies. Details of the 

processing of the data for each subgroup of studies are given in the relevant study selection and data 

extraction sections in the main text and below. In those sections we refer to ‘articles’ (i.e., a published 

paper), each of which included one or more separate ‘studies’ (i.e., experiments) or ‘comparisons’ (e.g., 

LES versus sugar, or LES versus water). 

 

Data extraction methods for observational (prospective cohort) studies in humans 

Data from all of the eligible studies were extracted and agreed by two co-authors, and tabulated by date 

of publication. We recorded the size of the study as the number of participants included in the analysis 

and we also documented the number of participants enrolled in the study. Where various outcomes 

were reported we preferred reports of change in anthropometric outcome and those reported over the 

longest follow up period. Results of the fully adjusted model are reported, and where adjustment made 

a marked difference we note this. We considered age, gender, baseline anthropometric data, dieting 

behavior and social position to be key potential confounders. If possible, multiple adjusted models that 

did not adjust for EI were selected, as this is likely to be the primary mediator of any association 

between LES consumption and the anthropometric outcomes. 

 

Data extraction methods for short-term intervention studies in humans 

Data extraction was undertaken by three co-authors according to a mutually agreed final protocol based 

on comparison and resolution of individual extracted data from ten randomly selected articles in the list. 

Data were extracted for test meal EI after the LES preload and comparison preload(s), and for energy 

content of the preloads (see below). We also noted the preload to test meal interval, and the number of 

participants and their gender, and where available their age, weight and/or BMI, dieting and/or dietary 
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restraint status. Where results were reported for subgroups within the same article (gender, weight 

status, preload amount, preload to test meal interval) we extracted the data separately for these 

subgroups. We extracted the data on the amount eaten on the first eating occasion (test meal) after the 

first preload, except in 4 studies (Van Wymelbeke et al.(2); Appelton & Blundell(3); Beridot-Therond et 

al.(4); Lavin et al.(5)) in which beverage preloads were served between meals throughout the day. In these 

instances we included the data for total preload and total test meal intake. We also included studies in 

which the preload was consumed with the test meal. 

 

Summary of sustained intervention studies in humans 

Data extraction was undertaken and agreed by two co-authors. We identified 13 studies (15 

comparisons) meeting the inclusion criteria (Blackburn et al.(6),; de Ruyter et al.(7); Kanders et al.(8); 

Maersk et al.(9) Naismith & Rhodes(10); Njike et al.(11); Peters et al.(12); Raben et al.(13) Reid et al.(14); Reid et 

al.(15) Tate et al.(16); Tordoff and Alleva(17); Wolraich et al.(18), reporting EI data for 10 comparisons and 

anthropometric (weight) data for 14 comparisons. In the majority of studies a clear comparison was 

made between LES- and sugar-sweetened test products, which were provided to participants by the 

investigators (de Ruyter et al.(7); Maersk et al.(9); Naismith & Rhodes(10); Njike et al.(11); Raben et al.(13); 

Reid et al.(14); Reid et al.(15); Tordoff & Alleva(17); Wolraich et al.(18)). Maersk et al.(9) additionally had a 

water intervention group, while Peters et al.(12) compared groups instructed to consume either LES 

beverages or water. In these comparisons of LES with water, blinding of participants was clearly not 

possible. Furthermore, Blackburn et al.(6) and Kanders et al.(8) compared participants advised to use or 

discouraged from using commercially available LES products during weight control programs. Tate et 

al.(16) placed regular consumers of sugar-sweetened beverages in treatment groups provided with either 

LES beverages or water, or maintaining their own choice of beverage. Participants in all other LES vs 

sugar comparisons were not informed of (i.e., blinded to) these treatments, with the exception of the 2 

studies from Reid et al.(14,15) where half the participants were correctly informed and half deliberately 

misinformed. The misinformed subjects from Reid et al.(14), were excluded from the meta-analysis of 

body weight, but could not be excluded from a smaller study by this group(15), where the 

(mis)information had ‘no effect on the results’ and was not included or reported in the original paper. 

Additional treatment arms with dissimilar products (low fat milk in Maersk et al.( 9) a placebo beverage in 

Njike et al.(11)) or no intervention (in Tordoff & Alleva(17)) were disregarded, as were data from 
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Experiment 1 (n=6) in Naismith & Rhodes(10), which did not use a counter-balanced treatment order. 

Final rather than interim EI and BW values were extracted wherever possible. 

Meta-analysis methods – overview 

The same core method was used in the meta-analyses of the observational, short-term and sustained 

intervention studies. The methods relating to further specific secondary analyses and sensitivity analyses 

relevant to the observational, short-term and sustained intervention studies are detailed after the core 

methods.  

Core meta-analysis methods 

Estimation of missing values for the accuracy of estimation of the study-level effect sizes 

For the meta-analyses, along with the effect size estimates, we extracted the associated standard 

deviations (SDs). Where SDs for the effect sizes were not reported, these were imputed using the 

following methods: 

1) For studies which reported appropriate test statistics (e.g. t values from t-tests) we derived the 

missing SDs. If studies only reported P values we estimated the appropriate test statistics using available 

conversion tables and then estimated SDs as previously described. 

2) For studies which reported only the SDs for the comparison arms (i.e. SDs for pre and post 

intervention measures in the short-term interventions, or SDs for control and intervention arms in the 

sustained interventions) we estimated correlation coefficients using the equation described by Higgins & 

Green(19) and data from studies which reported SDs for both the effect size and the comparison arms of 

the study. Missing effect size SDs were then imputed using the mean of these correlation coefficients 

and the reported SDs for the comparison arms.  

3) For studies which did not report any SDs we assumed the SDs were equal to the largest SD from those 

studies which did report effect size SDs. This method can potentially bias results towards a lack of 

effect(19), and therefore sensitivity analyses were carried out using less conservative estimates of the 

missing SDs and excluding those studies with missing SDs. 
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Sensitivity analyses 

In order to determine the effect of imputing missing SDs on the summary effect size estimates we 

repeated the analyses with two modifications and compared these results with the main analyses. 

Firstly, instead of replacing missing SDs with the largest reported SDs we used the mean of the reported 

SDs. Secondly, studies which did not report any SDs were excluded from the analyses.  

 

Statistical methods 

Specific methods for the observational (prospective cohort) studies 

If possible, multiple adjusted models that did not adjust for energy intake were selected. Fowler, Pan et 

al.(20,21) and Striegel-Moore et al.(22) did not adjust for energy intake. Berkey et al.(23) and Laska et al.(24) 

reported change in BMI both unadjusted and adjusted for energy intake, we have included the 

unadjusted results. Chen et al.(25) Duffey et al.(26) Ludwig et al.(27) Nettleton et al.(28)and Vanselow et al.(29) 

only included results adjusted for energy intake. 

We excluded Ludwig et al.(27) from the meta-analyses since they did not report regression coefficients or 

confidence intervals related to change in BMI or body weight. While they did report odds ratios for 

obesity incidence, no other studies reported this outcome measure. Nettleton et al.((28)and Duffey et 

al.(26)reported hazard ratios for high waist circumference, which is too few studies to conduct a reliable 

separate meta-analysis. 

The main meta-analysis of observational studies involved a comparison of change in BMI with change in 

LES consumption. Since the follow-up time differed between studies we standardised the effect sizes 

and their associated standard errors to ‘change per year’ by dividing the effect sizes and standard errors 

by follow-up time (in years). Chen et al.(25)and Pan et al.(21) reported change in body weight, whereas 

Berkey et al.(23), Strigel-Moore et al.(22), Fowler et al.(20), Vanselow et al.(29) and Laska et al.(24) reported 

change in BMI. Therefore, change in body weight was converted into change in BMI using the mean 

reported height at baseline from each study. Where necessary(22), we converted the scale used to 

describe consumption of diet beverages from 100 g per day to one serving per day, assuming 355 g per 

serving. Fowler et al.(20) compared LES beverage consumers with non-consumers. We converted the 

median LES consumption of consumers (2.3 servings/day) into one serving per day by dividing the effect 
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size estimate by the median LES consumption, assuming a linear relationship between change in LES 

beverage consumption and change in BMI. Where possible we included effect size estimates for males 

and females separately and, in the case of Pan et al.(20), we included the effect sizes of the three study 

populations as separate comparisons. A random-effects model was used to calculate summary 

estimates, accounting for between-study heterogeneity. Considering the expected heterogeneity 

between the child and adult studies, analysis was stratified by study age group (adult or child). 

Due to the low number of studies we did not explore factors which might explain the between-study 

heterogeneity with meta-regression models. 

 

Specific methods for the short-term intervention studies 

The SDs of the energy content of the LES and comparison preloads were assumed to equal zero. This 

assumption enabled us to calculate the cumulative energy intake and COMPX scores. 

Many of the short-intervention studies reported multiple results for the same participants within the 

same comparison (e.g., LES versus different sugars: fructose 80% and glucose 20%, high fructose corn 

syrup, sucrose, glucose 80% and fructose 20%(30)). Due to the potential for correlation between these 

repeated measures, treating the effect size estimates as independent would result in an overestimate of 

the total population included in the meta-analyses and potentially biased estimates of the variance of 

the summary effect sizes. For the main analyses the first set of results from each study were used. In the 

sensitivity analyses we applied robust variance estimation methods(32) using the ‘robumeta’ package(32) 

to incorporate independent and repeated measures in the calculations of the summary effect sizes and 

meta-regression coefficients. Repeated measures were assumed to be correlated rather than 

hierarchical, and the default value for the within-study effect size correlation of ρ=0.8 was used. 

The study-design variables considered in the meta-regression were year of publication, gender of 

participants (male, female or mixed), interval between consumption of the preload and consumption of 

the test meal (0 mins, <30 mins, 30-60 mins or >60 mins) and the energy content of the comparison 

preload. Meta-regression models were simultaneously adjusted for all independent variables. 
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Specific methods for the sustained-intervention studies 

A meta-analysis was carried out on BW data, using studies with a minimum exposure of 4 weeks. Two 

studies meeting the inclusion criteria for the review(10,17) had an exposure duration of <4 weeks and are 

therefore noted in the narrative text and tables but excluded from the meta-analysis.  

Two studies(16,9) were multi-armed interventions where a LES trial arm was compared to both a sugar 

and a water intervention arm, and a third study only compared LES beverages to water. Two separate 

meta-analyses were therefore undertaken, depending on the control group. The control group in the 

main meta-analysis was the trial arm consuming sugar-sweetened products. In the secondary meta-

analysis the control group was the water consumption trial arm. A random-effects model was used to 

calculate summary estimates, accounting for between-study heterogeneity. Considering the expected 

heterogeneity between the child and adult studies, analysis was undertaken for each age group 

separately (adult or child) and together. Meta-regression models were simultaneously adjusted for all 

independent variables. 
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Table S1. Characteristics and results of animal studies with compulsory consumption of LES and information on the effects of LES 

on BW 
Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Dalderup 

& 

Visser
(33)

 

Albino rats LES vs 

different 

nutrients vs 

control 

17 Sodium 

cyclamate 

4.26mg/g 

cyclamate in 

place of sugar in 

powdered diet vs 

5 control 

nutrients, 

6 wks 

1. control 

2-5. added 

nutrients 

6. added 

cyclamate 

Total food 

intake  

 

BW change  

(over 6 

wks) 

Sign. increase in BW 

relative for added 

cyclamate 

Dalderup 

& 

Visser
(34)

 

Albino rats Cyclamate in 

place of sugar 

in powdered 

diet relative to 

different 

nutrients for 6 

wks 

17 Sodium 

cyclamate 

4.26mg/g 

cyclamate in 

powdered diet 

versus 5 controls 

1. control 

2-5 added 

nutrients 

6 added 

cyclamate 

Max. BW No sign. difference in BW 

between cyclamate and 

control: higher than those 

with sugar 

Friedhoff 
(35)

  

Mice (strain not 

specified) 

2% LES 

solution vs 

13% sucrose 

solution vs 

water 

10 2% 

sweetener 

solution (6% 

cyclamate, 

0.6% 

saccharin) 

LES solution as 

sole fluid source, 

23 d 

 BW 

(measured 

3 times/wk) 

No group differences in BW 

Brantom et 

al.
(36)

 

ASH-CS1 mice Chronic 

feeding of 4 

doses of LES 

vs control 

30 0.7, 1.75, 3-

5 or 7.0 % 

sodium 

cyclamate 

Daily dose of 

LES, 

80 wks 

 BW 52 wks: no differences 

among groups  

52-80 wks: BW loss for 

female mice with some 

doses 
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Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Munro et 

al.
(37)

 

Male and female 

Charles River 

rats 

Between 

groups: dose-

dependent 

saccharin vs 

control 

120 0, 90, 270, 

810, or 2430 

mg 

saccharin/kg

/d 

Different 

concentrations of 

saccharin added 

to diet,  

26 months 

Group housed 

animals 

BW 

 

food intake 

No effects on food intake  

 

Highest doses caused 

weight loss 

Oser et 

al.
(38)

 

Male and female 

rats (no strain 

specified) 

Between 

groups: dose-

dependent 

cyclamate/sac

charin mixture 

vs control 

160 0, 500, 

1120, and 

2500 mg/kg 

cyclamate/s

accharin 

mixture in 

ratio of 10:1 

Different 

concentrations of 

cyclamate/sacch

arin mixture 

added to diet, 

24 months 

Group housed 

animals 

BW 

 

food intake 

No sign. changes in food 

intake or BW 

Andersen 
(39)

 

Weanling male 

Charles River 

rats 

Between 

groups: 

LES vs control 

10 0, 1, 3, 5 

and 7.5% 

sodium 

saccharin 

LES (0, 1, 3, 5 

and 7.5%) added 

to normal diet 

Group housed 

animals 

BW 

 

food intake 

 

recorded 

weekly 

Sign. linear decrease in 

BW gain with increasing 

saccharin dose 

Watkins et 

al.
(40)

 

Sprague-Dawley 

rats, male 

Between 

groups, LES vs 

control using 

different diets 

5 Sodium 

saccharin 

Saccharin added 

to diets enriched 

with safflower oil 

or beef tallow 

Housed 

individually 

BW 

 

food intake 

Lower BW gain with oil-

enriched diet + saccharin 

vs oil-enriched diet 

 

Higher BW on diet with 

beef tallow + saccharin vs 

tallow alone 
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Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Ishii et 

al.
(41)

 

Wistar rats Between 

groups: 4 

conditions LES 

vs control 

86 0, 1, 2, and 

4 mg/kg 

aspartame, 

or 4mg/kg 

aspartame + 

1mg/kg DKP 

Different 

concentrations of 

LES added to 

diet 

Group-housed 

rats assigned to 

control, 3 doses 

of aspartame or 

combined 

aspartame/DKP 

BW 

 

food intake 

 

recorded 

weekly 

Slower BW gain after 2 and 

4 mg/kg aspartame, and 

4mg aspartame + DKP 

 

Reduced food intake in all 

aspartame treatments 

Higginboth

am et 

al.
(42)

 

Sprague Dawley 

CD rats 

Between 

groups: 3-

doses of 

thaumatin vs 

control 

5 0, 0.3, 1 and 

3% added 

thaumatin 

Different 

concentrations of 

LES added to 

diet,  

13 wks 

Group housed 

animals 

consuming diets 

with LES ad 

libitum 

BW 

 

food intake 

(daily) 

Higher BW male rats fed 

3% thaumatin at 4 wks but 

not other wks 

 

Lower BW female rats fed 

1% thaumatin at 10 and 13 

wks 

 

Food intake “similar” in all 

groups (not reported) 

Schoening 

et al.
(43)

 

Male and female 

Charles River 

rats 

Between 

groups dose-

dependent 

saccharin vs 

control 

980 M/ 

1960 F,  

10 groups, 

group min. 

52 M, 104 

F 

0, 1, 3, 4, 5, 

6.25, or 7.5 

% sodium 

saccharin, or 

5% in diet 

after 

gestation 

Different 

concentrations of 

saccharin added 

to diet 

Group housed 

animals 

BW 

 

food intake 

Dose-dependent reduction 

in BW with saccharin 

Fisher et 

al.
(44)

 

F344 rats LES vs 

calcium added 

to diet 

10 5% calcium 

or sodium 

saccharin 

LES added to 

normal diet, 

10 w 

6 conditions  

(2 diets x 3 

sweeteners) 

BW 

 

food intake 

Decreased BW gain in both 

groups fed saccharin 

 

higher intake with one diet 

with added saccharin 
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Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Lina et 

al.
(45)

 

Male and female 

Wistar rats 

Between 

groups: 

 dose-

dependent 

LES vs control 

40 0, 0.2, 1 or 

5% 

neohesperidi

n 

dihydrochalc

one 

Different 

concentrations of 

neohesperidin 

added to diet,  

91 d 

Group housed 

animals 

consuming diets 

with added LES 

ad libitum 

BW 

 

food intake 

 

recorded 

weekly 

Highest dose caused sign. 

reduction in BW 

Xili et 

al.
(46)

 

Male and female 

Wistar rats 

-groups, dose-

dependent 

effects of 

stevioside 

45 0, 0.2, 0.6 

and 1.2% 

stevioside 

Different 

concentrations of 

stevioside added 

to diet, 

2 years 

Group housed 

rats 

BW No sign. differences 

Lina et 

al.
(47)

 

Male and female 

Wistar rats 

Between 

groups dose-

dependent 

erythritol vs 

control 

100 0, 2, 5 and 

10% 

erythritol 

Different 

concentrations of 

LES, 

52 wks 

Group housed 

animals 

consuming diets 

with LES ad 

libitum 

BW 

 

group food 

intake 

Sign. reduced BW with 

10% added erythritol 

 

 clear trend for dose-

dependent reduction 
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Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Til et al.
(48)

 

(Exp. 1) 

Male and female 

Swiss CD-1 mice 

and Wistar Crl 

(WI) WU BR rats 

Between-

groups, dose-

dependent 

effects of 

erythritol 

10/group 

for mice, 

15/group 

for rats 

0, 5, 10, or 

20% 

erythritol 

Different 

concentrations of 

LES added to 

diet, 

90 d 

Group housed 

mice. Additional 

condition with 

20% mannitol 

for rats. 

BW Sign. reduction in BW after 

20% erythritol in mice and 

rats 

Til et al.
(49)

 

(Exp. 2) 

Male and female 

Wistar rats 

Between-

groups, dose-

dependent 

effects of 

erythritol 

10 0, 5, and 

10% 

erythritol 

Different 

concentrations of 

LES added to 

diet in place of 

wheat starch, 

4 wks 

Group housed 

rats 

BW 

 

food intake 

Reduced food intake and 

BW for male rats at 10% 

dose at start 

Bailey et 

al.
(50)

 

Homozygous 

lean (+/+) and 

obese-

hyperglycaemi

c (ob/ob) mice, 

5 wks old 

Between 

groups: 

LES vs control 

5 Sodium 

saccharine 

1. Main study 

Ad libitum access 

to 5% saccharin 

in water (vs 

normal water), 

7 wks 

 

2. Suppl. study 

as main study, 

but with 1% 

saccharin 

Group housed 

animals 

BW 

 

food intake 

(daily) 

Lean mice: No sign. effect 

of 5% saccharin on BW or 

food intake  

 

Obese mice: Reduced food 

intake and 18% reduction 

in BW, reversed by 4-wk 

washout 

 

No sign. effects 1% diet 



Rogers et al. Low energy sweeteners systematic review. Supplemental Information. 

17 

 

Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Goldsmith 
(51)

 

(Exp. 1) 

Sprague Dawley 

CD rats 

Between 

groups: 3 

doses 

sucralose vs 

control 

30 0, 1.0, 2.5 

and 5% 

added 

sucralose 

LES added to 

diet for 4-wk 

Group housed 

animals 

consuming diets 

with sucralose 

ad libitum 

BW 

 

food intake 

 

recorded 

weekly 

Reduced BW with 5% 

sucralose in both male and 

female rats and  

with 2.5% sucralose for 

male rats only 

 

No effects on food intake 

 

Goldsmith 
(51)        

(Exp. 2) 

Sprague Dawley 

CD rats 

Between 

groups: 3 

doses 

sucralose vs 

control 

30 0, 1.0, 2.5 

and 5% 

added 

sucralose 

LES added to 

diet for 8-wk 

Group housed 

animals 

consuming diets 

with sucralose 

ad libitum 

BW 

 

food intake 

 

recorded 

weekly 

Reduced BW with 5% 

sucralose 

No effects on food intake 

Beck et 

al.
(52)

 

Male Long 

Evans rats 

Between groups: 

aspartame vs 

control 

12 Aspartame Ad libitum 

access to 1% 

aspartame in 

drinking water 

or normal water 

for 14 weeks. 

Group housed 

animals 

BW 

 

food intake 

(daily) 

Significantly slower growth in 

rats consuming aspartame 

Jeppesen 

et al.
(53)

 

Adult male type-2 

diabetic GK and 

Wistar rats 

Between 

groups 

stevioside vs 

control 

20 0.025g/kg/d 

stevioside in 

drinking 

water 

Ad libitum access 

to LES in 

drinking water vs 

normal water,  

6 wks 

Housing unclear BW No sign. effects on BW 
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Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Waalkens-

Berendsen 

et al.
(54)

 

Female Wistar 

Crl (WI)WU BR 

rats 

Between-

groups, dose-

dependent 

effects of 

neohesperidin 

dihydrochalcon

e 

 

28 0, 1.25, 2.5 

and 5% 

neohesperidi

n 

dihydrochalc

one 

Different 

concentrations of 

LES added to 

diet, 

21 d 

Group housed 

mated female 

rats 

BW No sign. differences 

Jurgens et 

al.
(55)

 

NRMI mice, 

3 months old 

Combined LES 

treatment vs 

control 

8-9 Combined 

sweetener 

(sodium 

cyclamate, 

aspartame, 

sodium 

saccharin) 

Ad libitum access 

to LES soft drink 

or drinking water 

as fluid source, 

73 d 

Individually 

housed mice 

BW 

 

group food 

intake 

No sign. difference in BW 

gain 

Dyrskog et 

al.
(56)

 

Obese ZDF 

rats 

Stevioside in 

water vs control, 

combined with 2 

diets 

12 0.03g/kg 

stevioside 

Stevioside 

solution vs 

water, 

combined with 

normal or high 

protein diet 

1. normal + water 

2. normal + 

stevioside 

3. high protein  

4. high protein + 

stevioside 

BW 

 

food intake 

(daily) 

No significant effect of 

stevioside on BW  

Tago et 

al.
(57)

 

Male and female 

F344 Fischer rats 

Between-groups, 

dose-dependent 

effects of oligo-N-

acetylglucosamine 

5 0, 0.2, 1, 

and 5% 

oligo-N-

acetylglucos

amine 

Different 

concentrations of 

LES added to 

diet, 

90 d 

Group housed 

animals 

BW 

 

food intake 

No sign. differences in BW 

or intake between LES and 

controls 
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Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Bergheim 

et al.
(58)

 

C57BL/J6 mice LES in drinking 

water vs control 

4-6 Combination 

of 

cyclamate, 

Sunett, 

saccharin 

LES vs water, 

8 wks 

 BW 

 

food intake  

(daily) 

No sign. differences in food 

intake or BW 

Curry & 

Roberts
(59)

 

HsdRcc 

Han:Wist rats 

Chronic feeding of 

4 doses of 

rebaudioside A vs 

control 

10 

male 

and 10 

female, 

4 wk 

study. 

 

20M 

and 20 

F 13 

wk 

study 

4 wk study: 

0, 25,000, 

50,000, 

75,000 and 

100,000 

ppm 

rebaudioside 

A 

 

13-wk study: 

12,500, 

25,000, and 

50,000 ppm 

 

LES added to 

diet 

 

4-wk study, 

13-wk study 

4-wk study: 1 

control, 4 doses 

 

13-wk study: 

control, 3 doses 

BW 

 

food intake 

4-wk study: BW reduced by 

highest dose 

 

13-wk study: dose-

dependent reduction in BW 

gain 

 

reduced food intake 

Nikiforov 

et al.
(60)

 

Male and female 

Sprague-Dawley 

rats 

Between groups: 

dose-dependent 

rebaudioside A vs 

control 

160 0, 500,1000 

or 2000 mg 

Rebaudiosid

e A/kg/day 

Different 

concentrations of 

LES added to 

diet,  

90 d 

Individually 

housed animals 

BW 

(at least 

twice/wk) 

 

Food intake 

(recorded 

weekly) 

Reduced BW of male rats 

on highest dose (2000 mg)  

 

No effects on food intake 
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Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Figlewicz 

et al.
(61)

 

Albino rats Sweetened 

liquids overnight, 

stevioside vs 

control 

10 12.5% 

stevia 

Sweetener as 

sole fluid 

source for 3 

nights/wk 

6 conditions with 

different 

sweeteners, only 

stevia vs control 

relevant 

BW 

 

food intake 

No significant effect of stevia 

on BW. 

Yagi and 

Matsuo
(62)

 

(Exp. 1) 

Male Wistar rats Between-

groups, D-

Psicose vs 

sucrose 

18 3% D-

Psicose 

D-Psicose or 

sucrose added to 

diet, 

12 months 

 

 

 

Group housed 

rats 

BW 

 

food intake 

No differences between 

treatments 

Yagi and 

Matsuo
(62) 

(Exp. 2) 

Male Wistar rats Between-

groups, D-

Psicose vs 

sucrose 

10 3% D-

Psicose 

D-Psicose or 

sucrose added to 

diet, 

18 months 

Group housed 

rats 

BW 

 

food intake 

No differences between 

treatments 

Park & 

Cha
(63)

 

Male C57BL/6J 

mice 

Between 

groups: Stevia 

rebaudiana 

supplemented 

to high fat diet 

vs control 

40 Stevia 

rebaudiana 

Bertoni 

extract 

Extract from 

Stevia 

rebaudiana 

Bertoni given 

orally daily, 

15 wks 

Not clear if 

housed 

individually or in 

groups 

BW 

(weekly) 

 

food intake 

(daily) 

No sign. difference in food 

intake or BW between high 

fat with stevia and high fat 

control group 



Rogers et al. Low energy sweeteners systematic review. Supplemental Information. 

21 

 

Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Park et 

al.
(64)

 

Rat Between 

groups: 

saccharin 

versus control 

Not 

provided 

Saccharin 

(0.1%) 

Ad libitum access 
for 2h to 

saccharin 
alongside chow,  

3 wks at 
postnatal day 22 

 
 
 

Group house 
animals 

 

BW 
 

food intake 
(daily) 

 
Saccharine 

intake 

No sign. effects on BW  

Geeraert 

et al.
(65)

 

Mice, obese 

insulin-resistant 

Stevioside vs 

control 

Treatment 

12, control 

20 

10mg/kg 

stevioside 

Oral dosing, 

12 w 

Oral dosing 

rather than 

ingestion 

BW No effect of stevioside on 

BW 

Andrejic et 

al.
(66)

 

Wistar rats Between groups: 

saccharin vs 

control 

12 0.0005% 

saccharin 

Ad libitum 

access to 

saccharin in 

drinking water 

or normal water 

for 6 weeks 

Group housed 

animals 

BW 

 

food intake 

(group 

data) 

No significant effect of 

saccharin on BW 

Polyak et 

al.
(67)

 

CBA/CA mice, 

male and 

female 

Between groups 12 

(60 total) 

Saccharin, 

cyclamate, 

acesulfame

-K or 

aspartame 

Ad libitum 

access to one 

of 4 LES 

solutions or 

water 

Group-housed 

animals  

BW 

(weekly) 

 

food intake 

BW gain in M+F for saccharin 

vs control  

 

BW gain male mice for 

cyclamate vs control 
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Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Hlywka et 

al.
(68)

 

Sprague Dawley 

CD rats 

Between 

groups: 4 

doses of 

monatin vs 

control 

40 0, 5000, 

10000, 

20000 and 

35000 ppm 

monatin 

Different 

concentrations of 

LES added to 

diet,  

90 d 

Individually 

housed rats 

assigned to one 

of 5 diet 

conditions 

 

BW 

 

food intake 

 

recorded 

weekly 

Lower BW at end of trial 

after 35000ppm monatin, 

sign. in female rats only 

 

No sign. differences in food 

intake 

Otabe et 

al.
(69)

 

Male and female 

Han-Wistar rats 

Between 

groups: dose-

dependent 

advantame vs 

control 

55 0, 2000, 

10000, and 

20000 ppm 

advantame 

Different 

concentrations of 

advantame 

added to diet,  

104 wks 

Group housed 

animals 

BW 

 

food intake 

No sign. effects on food 

intake or BW 

Otabe et 

al.
(70)

 

Male and female 

Charles River 

rats 

Between 

groups: dose-

dependent 

advantame vs 

control 

272 0, 2000, 

10000, and 

20000 ppm 

advantame 

Different 

concentrations of 

advantame 

added to diet, 

10 wks 

 

 

Individually 

housed animals 

BW 

 

food intake 

No sign. effects on food 

intake or BW 

Reis et 

al.
(71) 

(abstract 

in English) 

Wistar rats Between 

groups dose-

dependent 

stevia vs 

control or 

sucrose 

?? 2, 4 or 6% 

added stevia 

or 4% 

sucrose 

Stevia added to 

diet,  

45 d 

Group-housed 

rats 

BW 

 

food intake 

No difference in BW among 

conditions 
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Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Brathwaite 

et al.
(72)

 

Pregnant 

Crl:CD(SD) rats 

Chronic 

feeding of 3 

doses of LES 

vs control 

25 0, 15000, 

30000 or 

50000 ppm 

monatin 

LES added to 

diet,  

15 d 

Group housed 

animals 

consuming diets 

with LES ad 

libitum 

BW 

 

Food intake 

recorded 

daily 

Dose-dependent reduction 

in BW with added monatin 

Nikiforov 

et al.
(73)

 

Male and female 

Sprague-Dawley 

rats 

Between 

groups: dose-

dependent 

rebaudioside A 

and D vs 

control 

 0, 500,1000 

or 2000 

mg/kg/day 

rebaudioside 

D or 2000 

my/kg/day 

rebaudioside 

A 

Different 

concentrations of 

rebaudioside D 

or a single dose 

of rebaudioside A 

added to diet, 

28 d 

Individually 

housed animals 

BW 

 

food intake 

 

recorded 

weekly 

No effects of rebaudioside 

A or D on BW 

Mitsutomi 

et al.
(74)

 

Male C57Bl/6 

mice 

Between 

groups: LES vs 

water or 

sucrose 

5 Combination 

of erythritol 

(99%) and 

aspartame 

(1%) 

High-fat diet with 

LES vs water as 

fluid source, 

4 wks 

Group housed 

mice 

BW 

 

food intake 

 

recorded 

daily 

No difference in BW or food 

intake between sweetener 

and water 

(enhanced BW but reduced 

food intake with sucrose) 
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Reference Species tested Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Fulop et 

al.
(75)

 

White mice 

AKR2 line 

 

Between 

groups LES 

versus control 

or “sugar”: 

also sugar + 

LES condition 

160 

females 

and 160 

males 

80 mg/L 

sodium 

saccharin + 

800 mg/L 

sodium 

cyclamate. 

Ad libitum 

access to LES in 

drinking water  

Group-housed 

for each 

condition and 

sex 

Body weight 

over 52 

weeks 

No significant effects on 

BW 

Abu-

Taweel et 

al.
(76)

 

Swiss-Webster 

mice 

Between 

groups LES or 

LES + MSG 

versus control 

 

10 
Aspartame 

32mg/kg 

Ad libitum access 

to LES in tap 

water 

Group housed 

Body 

weight over 

30 day 

exposure 

Reduced growth with 

aspartame both alone and 

in combination with MSG 

Palmnas 

et al.
(77)

 

Sprague-Dawley 

rats 

Between 

groups 

Aspartame 

versus water 

either with 

normal or HF 

diet 

10-12 
Aspartame 

60mg/l 

Ad libitum access 

to LES in tap 

water 

Group housed 

Body 

weight over 

8 weeks 

Reduced BW in rats on HF 

diet with ASP, no effect of 

ASP with normal diet 

LES, low energy sweetener; BW, body weight.  
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Table S2. Characteristics and results of animal studies with voluntary consumption of LES and information on the effects of LES on 

BW 
Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Porikos & 

Koopmans
(78)

 

Rats, female Between groups 27  

(81 total) 

0.2% 

saccharin 

plus either 

0.055, 0.11 

or 0.22 

aspartame 

Solutions 

available 

alongside chow 

and water for 8 

wks 

 

After 8 wks 

each group 

subdivided:  

1. continue on 

sweetened 

f`solution,  

2. switch to 

other 

sweetened 

solution 

3. sacrificed to 

determine body 

composition 

 

 

 

 

 

Group 1: chow + 

water 

 

Group 2 : 11% 

sucrose solution 

 

Group 3: 

saccharin + one 

of doses 

aspartame 

 Higher BW sucrose rats than 

controls, no diff LES vs 

control.  

 

When sucrose switched to 

sweetener: BW loss, when 

sweetener switched to 

sucrose: rapid BW gain (fat 

mass) 

 

Food intake in line with BW 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Ramirez
(79)

 

(Exp. 1) 

Charles River 

rats, female 

Between groups 19 0.2% 

sodium 

saccharin 

Addition of 

saccharin to 

wet diet (chow 

with added 

water) 

6 weeks 

Group-housed 

rats fed diet with 

80% water 

added, with or 

without added 

saccharin 

BW 

 

food intake 

Greater food intake and 

higher BW with LES relative to 

control 

Ramirez
(79)

 

(Exp. 2) 

Charles River 

rats, female 

Between groups 10 or 11 0.2% 

sodium 

saccharin 

Addition of 

saccharin to 

wet diet (chow 

with added 

water) 

6 weeks 

Group-housed 

rats fed diet with 

80% water 

added, with or 

without added 

saccharin 

BW 

 

food intake 

No significant differences in 

BW or food intake 

Ramirez
(79)

(Exp. 4) 

Charles River 

rats, female 

Between groups 20 or 21 0.2% 

sodium 

saccharin 

Addition of 

saccharin to 

high fat wet diet 

(chow with 

added water 

and oil) 

6 weeks 

Group-housed 

rats fed diet with 

80% water 

added, with or 

without added 

saccharin 

BW 

 

food intake 

Greater food intake and 

higher BW with LES relative to 

control 

Ramirez
(79)

(Exp. 5) 

Charles River 

rats, female 

Between groups 16 0.2% 

sodium 

saccharin 

Addition of 

saccharin to 

high fat 

sucrose-

sweetened wet 

diet (chow with 

added water, 

sucrose and oil) 

6 weeks 

 

Group-housed 

rats fed diet with 

80% water 

added, with or 

without added 

saccharin 

BW 

 

food intake 

Greater food intake and 

higher BW with LES relative to 

control 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Ramirez
(79)

 

(Exp. 6) 

Charles River 

rats, female 

Between groups 10 or 11 0.2% 

sodium 

saccharin 

Addition of 

saccharin to 

wet diet (chow 

with added 

water) 

3 weeks, 

condition 

reversed after 3 

weeks 

Group-housed 

rats fed diet with 

80% water 

added, with or 

without added 

saccharin 

BW 

 

food intake 

Greater food intake and 

higher BW with LES relative to 

control over first 3 weeks but 

no differences between diets 

after diet reversal 

Ramirez
(79)

(Exp. 7a) 

Charles River 

rats, female 

Between groups 9 0.5%sodiu

m 

saccharin 

as 

proportion 

of solid diet 

Addition of 

0.5% saccharin 

to diet (chow) 

with added 

water 60% or 

80%) for 3 

weeks 

Group-housed 

rats fed diet with 

80% water 

added, with or 

without added 

saccharin 

BW 

 

food intake 

No significant differences in 

BW or food intake 

Ramirez
(79)

 

(Exp. 7b) 

Charles River 

rats, female 

Between groups 9 1.0% 

sodium 

saccharin 

as 

proportion 

of solid diet 

Addition of 

1.0% saccharin 

to diet (chow) 

with added 

water 60% or 

80%) for 6 

weeks 

Group-housed 

rats fed diet with 

80% water 

added, with or 

without added 

saccharin 

BW 

 

food intake 

No significant differences in 

BW or food intake 

Kanarek et 

al.
(80)

 

Sprague 

Dawley CD 

rats 

Between groups: 

saccharin vs 

control 

9 0.15% 

sodium 

saccharin 

Ad libitum 

access to 

0.15% 

saccharin in 

drinking water 

or normal water 

for 20 days 

Individually 

housed animals 

with access to 

saccharin + 

water vs water 

alone 

BW 

 

food intake 

(daily) 

No significant differences in 

BW or food intake 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

D'Anci et 

al.
(81)

 

Male Long 

Evans rats 

Sweetener in 

drinking water vs 

control 

10 Sodium 

saccharin 

0.15% 

saccharin vs 

water only,  

3 wks 

Sweetener vs 

normal tap water 

BW No significant difference in 

body-weight 

Kanarek et 

al.
(82)

 

Long Evans 

rats 

Between groups: 

saccharin vs 

control 

21 0.15% 

sodium 

saccharin 

Ad libitum 

access to 

0.15% 

saccharin in 

drinking water 

or normal water 

for 3 weeks 

Individually 

housed animals 

with access to 

saccharin + 

water vs water 

alone 

BW 

 

food intake 

(daily) 

No significant differences in 

BW or food intake 

Kanarek et 

al.
(82)

 

(Exp. 1) 

Long Evans 

rats 

Between groups: 

saccharin vs 

control 

11 0.15% 

sodium 

saccharin 

Ad libitum 

access to 

saccharin in 

drinking water 

 

4 wks 

Individually 

housed animals 

with access to 

saccharin + 

water vs water 

alone 

BW 

 

food intake 

(daily) 

No significant differences in 

BW or food intake 

Kanarek et 

al.
(83)

 

(Exp. 2) 

Long Evans 

rats 

Between groups: 

saccharin vs 

control 

8 0.15% 

sodium 

saccharin 

Ad libitum 

access to 

saccharin in 

drinking water 

 

3 wks 

 

 

Individually 

housed animals 

with access to 

saccharin + 

water vs water 

alone 

BW 

 

food intake 

(daily) 

No significant differences in 

BW or food intake 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Yeomans 

& 

Clifton
(84) 

(Exp. 1) 

Hooded wistar 

rats 

Between groups 12 0.2% 

sodium 

saccharin 

saccharin vs 

water or (10%) 

sucrose, 

17 d 

Rats given ad 

libitum access to 

LES as well as 

water 

BW 

 

food + fluid 

intake 

(daily) 

No difference BW saccharin 

vs water  

 

Lower BW gain of both 

saccharin and water vs 

sucrose 

Yeomans 

& 

Clifton
(84) 

(Exp. 2) 

Hooded wistar 

rats 

Between groups 12 0.2% 

sodium 

saccharin 

saccharin vs 

water or (10%) 

sucrose, 

15 d 

Rats given ad 

libitum access to 

LES as well as 

water 

BW 

 

food + fluid 

intake 

(daily) 

No difference BW saccharin 

vs water  

 

Lower BW gain of both 

saccharin and water vs 

sucrose 

Yeomans 

& 

Clifton
(84)

 

(Exp. 3) 

Hooded wistar 

rats 

Between groups 12 0.2% 

sodium 

saccharin 

saccharin vs 

water or (10%) 

sucrose, 

13 d 

 

 

 

 

 

 

Rats given ad 

libitum access to 

LES as well as 

water 

BW 

 

food + fluid 

intake 

(daily) 

No difference BW saccharin 

vs water  

 

Lower BW gain of both 

saccharin and water vs 

sucrose 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

D’Anci
(85) 

(Exp. 1) 

Male Long 

Evans rats 

Sweetener in 

drinking water vs 

control 

10 Sodium 

saccharin 

0.15% 

saccharin vs 

water only,  

3 wks 

Sweetener vs 

normal tap water 

BW 

 

food intake 

(daily) 

No significant differences in 

food intake or BW 

D’Anci
(85)

 

(Exp. 2) 

Male Long 

Evans rats 

Sweetener in 

drinking water vs 

control 

10 Sodium 

saccharin 

0.15% 

saccharin vs 

water only,  

3 wks 

Sweetener vs 

normal tap water 

BW 

 

food intake 

(daily) 

No significant differences in 

food intake or BW 

Kanarek & 

Homoleski 
(86)          

(Exp. 1) 

Long–Evans 

VAF rats, male 

and female 

Between groups: 

saccharin vs 

control 

18 0.15% 

sodium 

saccharin 

Ad libitum 

access to 

0.15% 

saccharin in 

drinking water 

vs normal 

water,  

3 wks 

Individually 

housed animals 

with access to 

saccharin + 

water vs water 

alone 

BW 

 

food intake 

(daily) 

No significant differences in 

BW or food intake 

Kanarek & 

Homoleski 
(86)

      

(Exp. 2) 

Long–Evans 

VAF rats, male 

and female 

Between groups: 

saccharin vs 

control 

16 0.15% 

sodium 

saccharin 

Ad libitum 

access to 

0.15% 

saccharin in 

drinking water 

vs normal 

water,  

3 wks 

 

 

Individually 

housed animals 

with access to 

saccharin + 

water vs water 

alone 

BW 

 

food intake 

(daily) 

No significant differences in 

BW or food intake 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental 

conditions 

Measures Outcome 

Feijó et 

al.
(87)

 

Wistar rats Yogurt with 

added 

aspartame, 

saccharin or 

sugar 

10 Saccharin, 

aspartame 

Supplementary 

sweetened 

foods with 

different LES 

Aspartame, 

saccharin or 

sucrose 

sweetened 

supplement 

BW 

 

food intake 

Higher BW gain saccharin and 

aspartame vs sucrose 

supplements, associated with 

increased chow intake 

LES, low energy sweetener; BW, body weight. 
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Table S3. Characteristics and results of animal learning studies on the effects of LES on EI and BW 
Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental conditions Measures Outcome 

Swithers & 

Davidson 
(88)

 

 

(Exp. 1) 

Rat Between groups: 

predictive vs non-

predictive vs 

sweet-only 

8 in 

glucose 

(predictive) 

9 in LES 

group (non-

predictive) 

10 in 

control 

(sweet-

only) 

Saccharin 30 g low-fat 

yogurt alongside 

chow + water, 

access 23 h/d for 

5 wks  

 

3 d for yogurt + 

chow and 1 day 

for chow + water 

only 

Glucose: plain yogurt on 3 

d/w, sweet yogurt (20% 

glucose) on 3 d/w 

 

LES: plain yogurt on 3 d/w 

and sweet yogurt (0.3% 

saccharin) on 3 d/w 

  

Control: sweet yogurt 

(20% glucose) on 3 d/w 

only 

BW 

 

energy intake 

 

body 

composition 

Higher BW gain LES 

vs glucose or control 

No sign. effects on 

food intake  

 

Greater adiposity LES 

vs glucose and 

control 

Swithers & 

Davidson 
(88)

 

(Exp. 2) 

Rat Between groups: 

predictive vs non-

predictive 

11 in 

glucose 

(predictive) 

9 in LES 

group (non-

predictive) 

Saccharin 30 g low-fat, 

plain yogurt 

alongside chow 

+ water, 

access 23 h/d for 

14 d 

Glucose: plain yogurt on 7 

d, sweet yogurt (20% 

glucose) on 7 d 

 

LES: plain yogurt on 7 d, 

sweet yogurt (0.3% 

saccharin) on 7 d 

BW gain 

 

energy intake 

 

energy 

compensation 

Higher BW gain LES 

vs glucose  

 

Higher energy intake 

LES vs sugar over 

course of training 

 

Glucose rats showed 

caloric compensation 

by decreasing chow 

intake after novel 

yogurt 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental conditions Measures Outcome 

Swithers 

et al.
(89)

 

 

(Exp. 1) 

Rat Between groups: 

Saccharin vs 

AceK vs Glucose 

8 Saccharin, 

AceK 

30 g low-fat, 

plain yogurt 

alongside chow 

+ water, 

access 23 h/d for 

14 d 

Glucose: plain yogurt on 7 

d, sweet yogurt (20% 

glucose) on 7 d 

 

LES (sacch): plain yogurt 

on 7 d, sweet yogurt (0.3% 

saccharin) on 7 d 

 

LES (AceK): plain yogurt 

on 7 d, sweet yogurt (0.3% 

AceK) on 7 d 

 

BW gain Greater BW gain 

saccharin- or AceK vs 

glucose 

Swithers 

et al.
(89)

 

 

(Exp. 2) 

Rat Between groups: 

Saccharin vs 

AceK vs Glucose 

11 Saccharin, 

AceK 

20 g of yogurt for 

1 h/d; 6 d/wk for 

2 wks, with 1 d 

of chow + water 

(between 1st + 

2nd wk) 

Glucose: plain yogurt on 7 

d, sweet yogurt (20% 

glucose) on 7 d 

 

LES (sacch): plain yogurt 

on 7 d, sweet yogurt (0.3% 

saccharin) on 7 d 

 

LES (AceK): plain yogurt 

on 7 d, sweet yogurt (0.3% 

AceK) on 7 d 

BW gain Greater BW gain 

saccharin- or AceK vs 

glucose 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental conditions Measures Outcome 

Swithers 

et al.
(89)

 

 

(Exp. 3) 

Rat Between groups: 

saccharin vs 

glucose  

 

Additional factor: 

discontinuation of 

diets 

13 Saccharin 20 g of yogurt for 

1 h/d; 6 d/wk for 

2 wks, with 1 d 

of chow + water 

(between 1st + 

2nd wk) 

 

After 2 wks, no 

more yogurt, but 

BW measured 

for 2 additional 

wks 

Glucose: plain yogurt on 7 

d, sweet yogurt (20% 

glucose) on 7 d 

 

LES: plain yogurt on 7 d, 

sweet yogurt (0.3% 

saccharin) on 7 d 

BW gain Higher BW gain 

saccharin vs sucrose 

 

Once yogurt 

presentation was 

discontinued, BW 

gain similar across 

the groups 

Swithers 

et al.
(89)

 

 

(Exp. 4) 

Rat Between groups: 

Base diet (yogurt 

vs beans),  

sweetener type 

(LES vs glucose), 

and  

phase (yogurt first 

vs beans first) 

5 to 7 Saccharin 30 g of plain 

unsweetened 

diet + 

30 g of 

sweetened diet 

for 23 h/d, 6 d/w  

(3 d sweetened 

+ 3 days plain) 

Group 1: glucose beans 

then glucose yogurt 

Group 2: glucose beans 

then LES yogurt 

Group 3: LES beans then 

glucose yogurt  

Group 4: LES beans then 

LES yogurt 

Group 5: glucose yogurt 

then glucose beans 

Group 6: glucose yogurt 

then LES beans 

Group 7: LES yogurt then 

glucose beans 

Group 8: LES yogurt then 

LES beans 

BW gain 

 

energy 

compensation 

for pre meal 

Phase 1: higher BW 

gain LES vs glucose 

rats regardless of diet 

(overall: beans group 

higher BW than 

yogurt group)  

Phase 2: Glucose–

glucose rats gained 

less BW than all other 

groups 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental conditions Measures Outcome 

Swithers 

et al.
(90)

 

 

(Exp. 1) 

Rat Between groups: 

saccharin vs 

glucose  

 

Additional factor: 

caffeine added to 

diet 

12 or 13 Saccharin 50 g of a 

flavored, 

sweetened 

liquid, 

14 d 

Group 1: glucose (20%)  

Group 2: glucose + 

caffeine  

Group 3: saccharin (0.3%) 

Group 4: saccharin + 

caffeine 

BW gain 

 

energy intake 

higher BW gain when 

access to LES vs 

glucose 

Swithers 

et al.
(90)

 

 

(Exp. 2) 

Rat Between groups: 

saccharin vs 

glucose  

Additional factor: 

caffeine added to 

diet 

8 or 9 Saccharin High fat/sweet 

diet, with 30 g of 

sweetened liquid 

6 d/w for 4 wks 

Group 1: glucose (20%)  

Group 2: glucose + 

caffeine  

Group 3: saccharin (0.3%) 

Group 4: saccharin + 

caffeine 

BW gain 

 

body fat % 

gain 

Higher BW gain LES 

vs glucose 

Davidson 

et al.
(91)

 

 

(Exp. 2) 

rats Three diets 

(standard, 

standard + 

unsweet carb, 

standard + sweet 

carb) combined 

with supplement 

food 

10 Saccharin supplement 

sweetened with 

either glucose or 

saccharin on 

50% of days 

6 different diet/supplement 

combinations 

BW change Faster growth with 

saccharin vs glucose 

supplement 

Swithers 

et al.
(92)

 

 

(Exp. 1) 

Rat Between groups: 

saccharin vs 

glucose 

15 for 

saccharin 

16 for 

glucose 

Saccharin 30 g plain 

unsweetened 

diet + 

30 g sweetened 

diet, 

 6 d/w (3 d 

sweetened + 3 d 

plain) 

 

Yogurt diets 

Group 1 (LES): plain 

yogurt on 3 d/w, 

sweetened yogurt (0.3% 

saccharin) on 3 d/w 

 

Group 2 (LES): plain 

yogurt on 3 d/w, 

sweetened yogurt (0.3% 

saccharin) on 3 d/w 

BW gain 

 

blood glucose 

response with 

and without 

test meal 

Higher BW gain LES 

vs glucose 

 

Rats previously given 

LES higher blood 

glucose levels 

following a test meal 

vs glucose 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental conditions Measures Outcome 

available for 3 h 

daily, for 14 d 

Swithers 

et al.
(92)

 

(Exp. 2) 

Rat Between groups: 

saccharin vs 

glucose 

10 

(blood 

glucose 

from 

5/group) 

Saccharin 30 g plain 

unsweetened 

diet + 

30 g sweetened 

diet, 

 6 d/w (3 d 

sweetened + 3 d 

plain) 

 

Yogurt diets 

available for 24 h 

daily, for 20 d 

Group 1 (LES): plain 

yogurt on 3 d/w, 

sweetened yogurt (0.3% 

saccharin) on 3 d/w 

 

Group 2 (LES): plain 

yogurt on 3 d/w, 

sweetened yogurt (0.3% 

saccharin) on 3 d/w 

BW gain  

 

blood glucose 

to oral 

glucose 

Higher BW gain LES 

vs glucose  

  

Higher blood glucose 

levels LES vs glucose 

(indicating an 

increase for levels in 

LES rats) 

Swithers 

et al.
(92)

  

 

(Exp. 3) 

Rat Between groups: 

saccharin vs 

glucose 

7 for 

saccharin 

6 for 

glucose 

Saccharin 30 g plain 

unsweetened 

diet + 

30 g sweetened 

diet, 

 6 d/w (3 d 

sweetened + 3 d 

plain) 

 

Yogurt diets 

available for 24 h 

daily, for 14 d 

Group 1 (LES): plain 

yogurt on 3 d/w, 

sweetened yogurt (0.3% 

saccharin) on 3 d/w 

 

Group 2 (LES): plain 

yogurt on 3 d/w, 

sweetened yogurt (0.3% 

saccharin) on 3 d/w 

BW gain  

 

glycemic 

responses to 

glucose (oral 

intake or 

delivered by 

gavage) 

No differences BW 

gain  

 

Higher blood glucose 

levels LES vs glucose 

rats following oral 

glucose load 

 

No difference in 

response to gavage 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental conditions Measures Outcome 

Swithers 

et al.
(92)

 

(Exp. 4) 

Rat Between groups: 

saccharin vs 

glucose 

7 for 

saccharin 

8 for 

glucose 

Saccharin 30 g plain 

unsweetened 

diet + 

30 g sweetened 

diet, 

 6 d/w (3 d 

sweetened + 3 d 

plain) 

 

Yogurt diets 

available for 24 h 

daily, for 24 d 

 

 

Group 1 (LES): plain 

yogurt on 3 d/w, 

sweetened yogurt (0.3% 

saccharin) on 3 d/w 

 

Group 2 (LES): plain 

yogurt on 3 d/w, 

sweetened yogurt (0.3% 

saccharin) on 3 d/w 

BW gain  

 

glycemic 

responses to 

glucose (oral 

intake or 

delivered by 

gavage) 

Day X Sweetener 

interaction but post-

hoc testing did not 

reveal significant 

differences on any 

individual day for 

body weight 

 

 

Higher blood glucose 

with oral glucose and 

taste + gavage, but 

not with gavage only. 

 

No effect on insulin 

Swithers 

et al.
(92)

 

 

(Exp. 5) 

Rat Between groups: 

saccharin vs 

glucose 

8 Saccharin High fat/sweet 

diet, with 30 g of 

sweetened 

solution (0.3% 

saccharin vs 

20% glucose) 

Solution 

available for 24 h 

daily, for 24 d 

 

 

Group 1 (glucose): high fat 

diet + daily access to 10% 

glucose solution  

 

Group 2 (LES): high fat 

diet plus daily access to 

0.3% saccharin solution 

BW gain 

 

energy intake 

 

glycemic 

responses  

 

GLP1 

Higher BW gain and 

greater food intake 

LES vs glucose  

  

Blood glucose higher 

and GLP lower in 

LES vs glucose 

group, but only for 

oral and not for 

gavage test 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental conditions Measures Outcome 

Swithers 

et al.
(92)

 

 

(Exp. 6) 

Rat Between groups: 

saccharin vs 

glucose 

23 Saccharin High-fat/sweet 

diet, with 30 g 

plain 

unsweetened 

diet + 

30 g sweetened 

diet 6d/w for 4 

wks 

Group 1 (glucose): plain 

yogurt on 3 days and 

yogurt sweetened with 

20% glucose on 3 days 

per week 

 

Group 2 (saccharin) plain 

yogurt on 3 days and 

yogurt sweetened with 

0.3% saccharin on 3 days 

per week 

BW gain  

 

Body 

composition 

 

glycemic 

response  

 

GLP1 

Higher BW gain and 

calorie intake LES vs 

glucose  

 

Fat mass not affected  

 

Higher blood glucose 

LES after 

presentation of the 

glucose 

 

A trend for GLP 1 to 

be lower overall  

 

No effect for insulin 

Swithers 

et al.
(93)

 

 

(Exp. 1) 

Ovariect

omised 

female 

rats 

Between groups: 

saccharin vs 

glucose 

13 for 

saccharin 

12 for 

glucose 

Saccharin 30 g plain 

unsweetened 

diet + 

30 g sweetened 

diet 6d/w for 4 

wks 

Group 1 (glucose): plain 

yogurt on 3 days and 

yogurt sweetened with 

20% glucose on 3 days 

per week 

 

Group 2 (saccharin) plain 

yogurt on 3 days and 

yogurt sweetened with 

0.3% saccharin on 3 days 

per week 

BW gain  

 

energy intake 

No effect of 

sweetener on BW 

gain or energy intake 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental conditions Measures Outcome 

Swithers 

et al.
(93)

 

 

(Exp. 2) 

Ovariect

omised 

Female 

rats 

Between groups: 

saccharin vs 

glucose  

 

Additional factor: 

of age of 

Ovariectomy and 

inhibition of local 

estrogen 

production using 

Anastrozole 

8 or 9 

(adolescent

s) 

12 (adults) 

Saccharin 30 g plain 

unsweetened 

diet + 

30 g sweetened 

diet 6d/w for 20 

d (10 d sweet, 

10 d 

unsweetend) 

Group 1: adult, glucose, 

Anastrozole 

Group 2: adult, glucose, 

Anastrozole vehicle 

Group 3: adult, saccharin, 

Anastrozole 

Group 4: adolescent, LES, 

Anastrozole vehicle 

Group 5: adolescent, 

glucose, Anastrozole 

Group 6: adolescent, 

glucose, Anastrozole 

vehicle 

Group 7: adolescent, LES, 

Anastrozole 

Group 8: adolescent, LES, 

Anastrozole vehicle 

BW gain  

 energy 

intake  

 

body 

composition 

Four-way interaction 

for BW (Age × 

LES/gucose x Drug × 

Day) 

 

Adult rats: Higher BW 

gain LES vs glucose, 

but only for 

Anastrozole.  

Adolescents rats: 

higher BW gain LES 

vs glucose, but only 

for vehicle group 

 

Similar effect for total 

intake and fat mass 

Swithers 

et al.
(94)

 

 

(Exp. 1) 

Female 

rats 

Between groups: 

saccharin vs 

glucose  

 

Additional factor: 

diet resistant (DR) 

and diet-induced 

obese (DIO) 

10 Saccharin 30 g plain 

unsweetened 

diet + 

30 g sweetened 

diet 6d/w for 4 

wks 

Group 1 (glucose): plain 

yogurt on 3 days and 

yogurt sweetened with 

20% glucose on 3 days 

per week 

 

Group 2 (saccharin) plain 

yogurt on 3 days and 

yogurt sweetened with 

0.3% saccharin on 3 days 

per week 

 

 

BW gain No effect on BW gain 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental conditions Measures Outcome 

Swithers 

et al.
(94)

 

 

(Exp. 2) 

Female 

rats 

Between groups: 

saccharin vs 

glucose  

 

Additional factor: 

diet resistant (DR) 

and diet-induced 

obese (DIO) 

7 to 9 Saccharin High-fat sweet 

diet, with 30 g 

plain 

unsweetened 

diet + 

30 g sweetened 

diet 6d/w for 4 

wks 

Group 1: glucose, DR 

Group 2: glucose, DIO 

Group 3: LES, DR 

Group 4: LES, DIO 

BW gain  

 

 energy 

intake  

 

body 

composition 

Greater BW LES vs 

glucose, but only for 

DIO rats 

 

Fat mass greater in 

LES vs glucose, but 

only for DIO rats  

 

Both DIO and DR: 

Higher intake HE-

chow LES vs glucose 

groups, but overall 

energy intake was 

higher in the DIO 

group only 

Swithers 

et al.
(94)

 

 

(Exp. 3) 

Female 

rats 

Between groups: 

saccharin vs 

glucose  

 

Additional factor: 

diet resistant (DR) 

and diet-induced 

obese (DIO) 

10 or 11 Saccharin High-fat sweet 

diet, 30 g plain 

unsweetened 

diet + 

30 g sweetened 

diet 6d/w for 4 

wks 

Group 1: glucose, DR 

Group 2: glucose, DIO 

Group 3: LES, DR 

Group 4: LES, DIO 

BW gain  

 

body 

composition 

Greater BW LES vs 

glucose but only for 

DIO rats 

 

Greater fat mass LES 

vs glucose, but only 

in DIO-rats 
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Reference Species 

tested 

Design Sample 

size per 

condition 

Type LES Dietary 

manipulation 

Experimental conditions Measures Outcome 

Swithers 

et al.
(94)

 

 

(Exp. 4) 

Male 

rats 

Between groups: 

saccharin vs 

glucose  

 

Additional factor: 

diet resistant (DR) 

and diet-induced 

obese (DIO) 

10 to 12 Saccharin High fat/sweet 

diet,  

30 g plain 

unsweetened 

diet + 

30 g of a 

sweetened diet 

for 16 d (8 d 

plain, 8 d 

sweetened), with 

2 d of chow + 

water alone 

intervening 

Group 1: glucose, DR 

Group 2: glucose, DIO 

Group 3: LES, DR 

Group 4: LES, DIO 

BW gain Higher BW gain LES 

vs glucose for both 

DIO and DR male 

rats 

Swithers 

et al.
(94)

 

(Exp. 5) 

female 

rats, 

offsprin

g of 

adult 

obesity 

prone 

(OP) 

obesity 

resistant 

(OR) 

male 

and 

female 

rats 

Between groups: 

saccharin vs 

glucose  

 

Additional factor: 

diet resistant (DR) 

and diet-induced 

obese (DIO) 

8 to 13 

(44 total) 

Saccharin Yogurt 

supplements for 

6 d (3 d 

sweetened + 3 d 

plain) along with 

1 d of chow 

alone  

 

Rats were then 

given ad lib 

access to 

sweetened HE 

diet assigned 

yogurt continued 

for 6 d/w for an 

additional 2 

weeks 

Group 1: glucose, DR 

Group 2: glucose, DIO 

Group 3: LES, DR 

Group 4: LES, DIO 

BW gain  

 

body 

composition 

Greater BW LES vs 

glucose, but only for 

OP rats 

Greater fat mass gain 

with saccharin vs 

glucose 

LES, low energy sweetener; BW, body weight.
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Table S4. Characteristics of prospective cohort studies reporting information on association between LES consumption and body 

weight status change 
Authors, year 

 

Cohort name 

N with 

complete 

data, 

gender, age 

(range or 

mean) 

Inclusion 

criteria 

(study 

population, 

location) 

Dietary 

assessment  

method 

Covariates (in 

adjusted 

models) 

Duration,  

n at follow-up 

Endpoint Effect size Notes 

Ludwig et 

al.
(27)

  

Planet health 

intervention 

and evaluation 

project 

n= 548 

M / F 

(unspecified)  

11.7 y in 1995 

Children, 

 6th or 7th 

grade on five 

schools 

 

1995 - 1997 

 

USA 

(Boston, 5 

control 

schools) 

Youth FFQ  

(one question 

on diet soda) 

Age, sex,  

baseline BMI + 

skin folds, 

ethnicity,  

school,  

dietary 

variables,  

physical 

activity,  

TV viewing 

19 months 

 

84% complete 

BMI  

regression 

coefficients 

 

 

baseline and 

∆BMI 

coefficients 

negative 

p=0.10 

 

 

 

Association 

baseline 

obesity and 

diet soda NS 

(p=0.69) 

 

∆diet soda 

OR=0.44 

(p=0.03) 



Rogers et al. Low energy sweeteners systematic review. Supplemental Information. 

43 

 

Authors, year 

 

Cohort name 

N with 

complete 

data, 

gender, age 

(range or 

mean) 

Inclusion 

criteria 

(study 

population, 

location) 

Dietary 

assessment  

method 

Covariates (in 

adjusted 

models) 

Duration,  

n at follow-up 

Endpoint Effect size Notes 

Berkey et 

al.
(23)

 

 

Growing up 

today study 

(GUTS)  

n= 11 755 

M / F 

(unspecified)  

9-14 y in 1996 

Children, 

offspring of US 

Nurse’s Health 

Study II  

 

1996-1998 

 

USA 

(50 states) 

132-item FFQ  

(beverages: 

diet soda, 

sugar-added 

drinks, fruit 

juice, milk) 

Age,  

tanner stage,  

race,  

menarche,  

prior BMI z-

score,  

height growth,  

milk, milk type,  

sugar added 

drinks,  

fruit juices,  

physical 

activity,  

inactivity 

1 y 

1996 to 1997,  

1997 to 1998 

∆BMI 

self-reported 

regression 

coefficients 

 

Boys: 0.116 

(SE 0.049), 

p=0.016 

  

Girls: 0.052 

(SE 0.035),  

p=0.15  

∆BMI per 

serving of 

LES/d 

 

Energy 

adjustment 

made no 

difference. 
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Authors, year 

 

Cohort name 

N with 

complete 

data, 

gender, age 

(range or 

mean) 

Inclusion 

criteria 

(study 

population, 

location) 

Dietary 

assessment  

method 

Covariates (in 

adjusted 

models) 

Duration,  

n at follow-up 

Endpoint Effect size Notes 

Striegel-Moore 

et al.
(22)

 

 

US National 

Heart, Lung 

and Blood 

Institute  

Growth and 

Health Study 

(NGHS) 

n=2371 

0 M/ 2371 F 

9-10 y at study 

entry 

 

(1210 black, 

1161 white) 

Girls 

 

1987-1997 

 

USA  

(Schools in 

Berkeley, near 

Cincinnati, 

Washington 

DC; HMO and 

scouts) 

3-day food 

record 

(diet sodas: 

artificially 

sweetened 

fizzy soft 

drinks except 

water, diet or 

low energy) 

 

consecutive 

days:  

1 weekend + 2 

week days 

Site, visit, 

race,  

milk, regular 

soda, fruit 

juice, fruit 

drinks, 

coffee/tea, 

energy intake 

10 y 

10 annual 

assessments  

 

82% at visit 7,  

89% at visit 10 

BMI 

regression 

coefficient 

-0.010 (SE 

0.013) 
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Authors, year 

 

Cohort name 

N with 

complete 

data, 

gender, age 

(range or 

mean) 

Inclusion 

criteria 

(study 

population, 

location) 

Dietary 

assessment  

method 

Covariates (in 

adjusted 

models) 

Duration,  

n at follow-up 

Endpoint Effect size Notes 

Fowler et al.
(20)

 

 

San Antonio 

Heart Study 

n= 3371 

M / F 

aged 25-64 y, 

NW/OW 

Adults,  

random 

sample of 

residents 

 

enrolled 1979-

1988 

 

USA 

(San Antonio, 

Texas) 

Questions on 

sweeteners in 

soda, tea and 

coffee to 

quantify 

artificially 

sweetened 

beverages 

(ASB) 

Age, gender, 

BMI, ethnicity, 

education, 

socioeconomic 

index, 

exercise, 

smoking 

cessation 

7-8 y 

 

65%  

(n=5158 

enrolled) 

∆BMI  

regression 

coefficients 

(95% CI) 

0.47 (0.26-

0.66) in ASB 

users vs non-

users 
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Authors, year 

 

Cohort name 

N with 

complete 

data, 

gender, age 

(range or 

mean) 

Inclusion 

criteria 

(study 

population, 

location) 

Dietary 

assessment  

method 

Covariates (in 

adjusted 

models) 

Duration,  

n at follow-up 

Endpoint Effect size Notes 

Chen et al.
(25)

 

 

PREMIER 

RCT  

(on blood 

pressure, BP) 

 

n= 810 

M / F 

(unspecified)  

25-79 y (mean 

50y) 

Adults  

 

2000-2002  

(behavioral 

interventions) 

 

USA 

(4 US centres, 

SBP 120-159 

mmHg and 

DBP 80-95 

mmHg) 

Two 24-hr 

recalls  

(diet drinks: 

diet soft drink 

and other 'diet' 

drinks)  

 

1 weekend, 1 

weekday 

Sex, race, 

age,  

income 

education,  

marital status,  

employment, 

BMI,  

all beverages, 

intervention,  

change in 

fitness and 

physical 

activity,  

total EI 

18 months 

 

recall at 

baseline, 6 

and 18 months 

 

no loss to 

follow up 

∆BW  

at 18 months 

regression 

coefficients 

(95% CI) 

 -0.38 (-0.22 - 

0.01) 

for ∆1 

serving/d of 

355 ml diet 

drink) 

Additional 

adjustment for 

dietary factors 

made no 

difference 
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Authors, year 

 

Cohort name 

N with 

complete 

data, 

gender, age 

(range or 

mean) 

Inclusion 

criteria 

(study 

population, 

location) 

Dietary 

assessment  

method 

Covariates (in 

adjusted 

models) 

Duration,  

n at follow-up 

Endpoint Effect size Notes 

Nettleton et 

al.
(28)

 

 

Multi-Ethnic 

Study of 

Atherosclerosi

s (MESA) 

n=2928 

M / F 

(unspecified)  

45-84 y 

Adults,  

white, black, 

Hispanic, 

Chinese 

 

2000-2002 

 

USA 

(6 sites) 

FFQ 

(diet soda: diet 

soft drinks, 

unsweetened 

mineral water) 

Study site, 

age, sex, 

race/ethnicity, 

education,  

energy intake, 

physical 

activity,  

smoking 

status, pack 

years,  

supplement 

use  

5 y 

 

n(n=6814 

enrolled) 

 

High WC  

(M: ≥102 mc, 

F: ≥ 88cm) 

Hazard ratio 

(95% CI) 

1.59 (1.23 - 

2.07)  

(≥1 serving/d 

vs. rare/never) 

Dose-

response 

across WC 

categories 
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Authors, year 

 

Cohort name 

N with 

complete 

data, 

gender, age 

(range or 

mean) 

Inclusion 

criteria 

(study 

population, 

location) 

Dietary 

assessment  

method 

Covariates (in 

adjusted 

models) 

Duration,  

n at follow-up 

Endpoint Effect size Notes 

Vanselow et 

al.
(29)

 

 

Project EAT 

(Eating Among 

Teens) 

n=2294 

(1032 M / 

1262 F) 

14.9 y 

Adolescents 

 

enrolled 1998-

1999 

 

USA  

(Minneapolis, 

31 middle + 

public high 

schools) 

 

149-item FFQ 

(with low-

calorie soft 

drinks) 

Age, cohort, 

sex,  

race, BMI, 

SES, baseline 

beverages, 

physical 

activity, TV 

watching,  

tea, coffee 

5 y 

(follow-up in 

2003-2004) 

 

48.7% 

(n=4706 

enrolled) 

∆BMI  

5 yrs 

≥ 7 serving/wk 

vs none 

1.81 (SE 0.29) 

vs  

1.80 (SE 0.09)  

Attenuated 

with dieting 

and parent 

weight 

concern 

adjustment 
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Authors, year 

 

Cohort name 

N with 

complete 

data, 

gender, age 

(range or 

mean) 

Inclusion 

criteria 

(study 

population, 

location) 

Dietary 

assessment  

method 

Covariates (in 

adjusted 

models) 

Duration,  

n at follow-up 

Endpoint Effect size Notes 

Duffey et al.
(26)

  

Coronary 

Artery Risk 

Development 

in Young 

Adults 

(CARDIA) 

Study 

n= 3524 

M / F 

(unspecified) 

18-30 y 

Young adults 

 

1985-1986  

 

USA 

(4 sites) 

Diet history 

questionnaire 

and 

quantitative 

diet history  

(with 'diet 

beverages' 

food group) 

Race, sex,  

study centre,  

age, BMI,  

education, 

smoking 

status,  

family 

structure,  

total EI, 

physical 

activity 

20 y 

 

72%  

(n=5115 

enrolled) 

High WC  

(M: ≥102 mc, 

F: ≥ 88cm) 

Hazard ratio 

(95% CI) 

0.84 (0.73 - 

0.97) 

(non-

consumer vs. 

consumer) 
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Authors, year 

 

Cohort name 

N with 

complete 

data, 

gender, age 

(range or 

mean) 

Inclusion 

criteria 

(study 

population, 

location) 

Dietary 

assessment  

method 

Covariates (in 

adjusted 

models) 

Duration,  

n at follow-up 

Endpoint Effect size Notes 

Laska et al.
(24)

 

 

Identifying 

determinants 

of activity 

(IDEA) and 

Etiology of 

Childhood 

Obesity 

(ECHO) 

  

n= 535 

M / F 

(unspecified) 

14.6 y 

Adolescents 

 

2006-2008  

 

USA 

(Minneapolis 

St Paul, 

Minnesota) 

Three 24-hr 

recalls  

(diet drinks: 

‘artificially 

sweetened’ 

soft drinks, 

fruit drinks, 

tea, coffee 

and/or coffee 

substitutes)  

 

1 weekend, 2 

weekday 

Age, study,  

physical 

activity, 

puberty, race, 

parental 

education, 

eligibility for 

free/reduced 

price lunch 

2 y 

 

74%  

(n=723 

enrolled) 

∆BMI  

2 y 

servings 

/day 

 

 

Males -0.11 

(SE 0.24) 

 

Females 0.10  

(SE 0.23) 

 

 

∆PBF 

2 y 

servings 

/day 

 

Males -0.22 

(SE 0.778) 

 

Females 0.54  

(SE 0.35) 
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Authors, year 

 

Cohort name 

N with 

complete 

data, 

gender, age 

(range or 

mean) 

Inclusion 

criteria 

(study 

population, 

location) 

Dietary 

assessment  

method 

Covariates (in 

adjusted 

models) 

Duration,  

n at follow-up 

Endpoint Effect size Notes 

Pan et al.
(21)

 

 

Nurses’ Health 

Study (NHS) 

n=50 013 

0 M/50 013 F 

40-64 y 

 

 

Nurses in 11 

states, 

baseline 1986 

 

USA 

FFQ 

(diet soda) 

Age, BMI,  

sleep duration, 

physical 

activity, 

alcohol, TV 

viewing, 

smoking, 

dietary factors  

20 y ΔBW (95% CI) 

(self-reported) 

 

Self-report 

weight  

 

change in 4 y 

period 

 

Pooled results 

across the 

three cohorts  

 -0.10 (-0.14 to 

-0.06) kg  

per serving/d 

increase 

Age 

adjustment 

made no 

difference 

 

Effect size 

slightly 

stronger in 

HPS and in 

overweight or 

obese people 
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Authors, year 

 

Cohort name 

N with 

complete 

data, 

gender, age 

(range or 

mean) 

Inclusion 

criteria 

(study 

population, 

location) 

Dietary 

assessment  

method 

Covariates (in 

adjusted 

models) 

Duration,  

n at follow-up 

Endpoint Effect size Notes 

Pan et al.
(21)

 

 

Nurses’ Health 

study II (NHS 

II) 

 

 

 n= 52 987 

0 M/ 52 987 F 

27-44 y 

Younger nurses 

in 14 states, 

baseline 1991 

 

USA 

  16 y    

Pan et al.
(21)

 

 

Health 

Professionals 

Follow up 

Study (HPFS) 

n= 22 988  

22 988 M / 0 F  

40-64 y 

Male health 

professionals in 

50 states, 

baseline 1986 

 

USA 

20 y 
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BW, body weight; EI, energy intake; FFQ, food frequency questionnaire; IHD, ischemic heart disease; LES, low-energy sweeteners; NW, normal weight; OW, 

overweight; PBF, percentage body fat; SES, socioeconomic status; WC, waist circumference. 
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Table S5. Summary of meta-analysis fixed effect results for the various types of human studies 
  Significance test of ES = 0 

Comparison Effect size 95% CI P 

Observational studies -0.03 kg/m2 -0.04 to -0.03 <0.001 

Short interventions    

LES vs sugar (total energy)  -124 kcal -133 to -115 <0.001 

LES vs sugar (COMPX)  29.4% 25.0 to 33.8 <0.001 

LES vs unsweetened 51.7 kcal 35.8 to 67.6 <0.001 

LES vs water -1.9 kcal -29.7 to 25.8 0.892 

LES vs nothing 20.9 kcal -15.2 to 57.0 0.257 

LES in capsules vs placebo capsules -45.0 kcal -75.3 to -14.7 0.004 

Sustained interventions    

LES vs sugar -0.81 kg -1.07 to -0.56 <0.001 

LES vs water -1.36 kg -2.04 to -0.69 <0.001 
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Table S6. Summary of results of Egger’s regression test for funnel plot asymmetry for the various types of human studies 
Comparison Z statistic P 

Observational studies 1.57 0.12 

Short interventions   

LES vs sugar (total energy)  0.92 0.36 

LES vs sugar (COMPX)  2.21 0.03 

LES vs unsweetened 0.49 0.62 

LES vs water 0.38 0.71 

LES vs nothing -0.30 0.76 

LES in capsules vs placebo capsules 0.62 0.53 

Sustained interventions   

LES vs sugar -0.35 0.73 

LES vs water 0.74 0.46 
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Table S7. Characteristics and results of short-term intervention studies comparing the effects on EI of LES versus sugar  
Children 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ cumulative 

intake (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Anderson et 

al.
(95)        

(Exp. 2) 

20 10 M / 10 F,  

10 y 

Mean 

weight 30 

kg 

X 

300 ml strawberry Kool-

Aid with 0.3 g aspartame 

(5 kJ, 1 kcal) or 52.5 g 

sucrose (892 kJ, 210 kcal) 

90 777 vs 765 -197 6%  

Birch et 

al.
(96)

     

(Exp. 1) 

24 10 M / 14 F, 

5 y 

X 

X 

205 mL water with 140 mg 

aspartame (15 kJ, 3.5 

kcal) or 22 g sucrose (376 

kJ, 90 kcal) 

0 451 vs 397 -32 62%   

Birch et 

al.
(96)

     

(Exp. 1) 

24 10 M / 14 F, 

5 y 

X 

X 

205 mL water with 140 mg 

aspartame (15 kJ, 3.5 

kcal) or 22 g sucrose (376 

kJ, 90 kcal) 

30 458 vs 459 -87.5 -1%   

Birch et 

al.
(96)        

(Exp. 1) 

24 10 M / 14 F, 

5 y 

X 

X 

205 mL water with 140 mg 

aspartame (15 kJ, 3.5 

kcal) or 22 g sucrose (376 

kJ, 90 kcal) 

60 378 vs 388 -96.5 -12%  

Birch et 

al.
(96)

     

(Exp. 2) 

20 7 M / 13 F, 

3 y  

X 

X 

150 mL water with 102 mg 

aspartame (11 kJ, 2.6 

kcal) or 16 g sucrose (276 

kJ, 66 kcal) 

0 350 vs 290 -3.4 95%   

Birch et 20 7 M / 13 F, X 150 mL water with 102 mg 30 353 vs 300 -10.4 84%   
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Children 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ cumulative 

intake (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

al.
(96)

     

(Exp. 2) 

3 y  X aspartame (11 kJ, 2.6 

kcal) or 16 g sucrose (276 

kJ, 66 kcal) 

Birch et 

al.
(96)        

(Exp. 2) 

20 7 M / 13 F, 

3 y  

X 

X 

150 mL water with 102 mg 

aspartame (11 kJ, 2.6 

kcal) or 16 g sucrose (276 

kJ, 66 kcal) 

60 346 vs 317 -34.4 46%   

Gheller et 

al.
(97)

 

22 22 M / 0 F 

12 y 

OW and 

OB 

250 mL orange Kool-Aid 

with 150 mg sucralose (0 

kJ, 0 kcal) or 50 g glucose 

(837 kJ, 200 kcal) 

 

30 1093 vs 

1021 

 

-128 36% No video-

game playing 

during 

preload to test 

meal interval 

Gheller et 

al.
(97)

 

22 22 M / 0 F 

12 y 

OW and 

OB 

250 mL orange Kool-Aid 

with 150 mg sucralose (0 

kJ, 0 kcal) or 50 g glucose 

(837 kJ, 200 kcal) 

30 1187 vs 

1054 

-67 67% Video-game 

playing during 

preload to test 

meal interval 

Branton et 

al.
(98)

 

19 19 M / 0 F 

12 y 

NW 250 mL orange Kool-Aid 

with 150 mg sucralose (0 

kJ, 0 kcal) or 50 g glucose 

(837 kJ, 200 kcal) 

 

 

30 977 vs 770 7 104% No video-

game playing 

during 

preload to test 

meal interval 
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Children 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ cumulative 

intake (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Branton et 

al.
(98)

 

19 19 M / 0 F 

12 y 

NW 250 mL orange Kool-Aid 

with 150 mg sucralose (0 

kJ, 0 kcal) or 50 g glucose 

(837 kJ, 200 kcal) 

30 881 vs 749 68 66%  

Van Engelen 

et al.
(99)

 

(Exp. 1) 

15 15 M / 0 F 

12 y 

NW 250 mL orange Kool-Aid 

with 150 mg sucralose (0 

kJ, 0 kcal) or 50 g glucose 

(837 kJ, 200 kcal) 

60 1127 vs 975 -48 76%  

Van Engelen 

et al.
(99)

 

(Exp. 1) 

15 15 M / 0 F 

12 y 

NW 250 ml orange Kool-Aid 

with 150 mg sucralose (0 

kJ, 0 kcal) or 50 g sucrose 

(837 kJ, 200 kcal) 

60 1127 vs 

1074 

 

-147 27%  

Van Engelen 

et al.
(99)

 

(Exp. 1) 

15 15 M / 0 F 

12 y 

NW 250 ml orange Kool-Aid 

with 150 mg sucralose (0 

kJ, 0 kcal) or 50 g HFCS-

55 (837 kJ, 200 kcal) 

60 1127 vs 

1075 

 

-148 26%  

Hetherington 

et al.
(100)

 

(Exp. 1) 

15 7 M / 8 F,  

2-5 y 

X 

X 

100 g raspberry dessert 

with 0.025 g aspartame 

(25 kJ, 6 kcal) or 17.2 g 

sucrose (305 kJ, 73 kcal) 

120 572 vs 488 17 125%   

Hetherington 

et al.
(100)

 

(Exp. 1) 

10 5 M / 5 F,  

7-10 y 

X 

X 

100 g rasbberry dessert 

with 0.025 g aspartame 

(25 kJ, 6 kcal) or 17.2 g 

sucrose (305 kJ, 73 kcal) 

120 549 vs 645 -163 -143%   
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Children 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ cumulative 

intake (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Hetherington 

et al.
(100)  

 

(Exp. 2) 

19 10 M / 9 F,  

2-5 y 

X 

X 

150 g rasbberry dessert 

with 0.037 g aspartame 

(25 kJ, 9 kcal) or 25.8 g 

sucrose (458 kJ, 109 kcal) 

120 480 vs 410 -30 70%   

Hetherington 

et al.
(100) 

  

(Exp. 2) 

12 6 M / 6 F, 

7-10 y 

X 

X 

225 g raspberry dessert 

with 0.056 g aspartame 

(56 kJ, 13.5 kcal) or 38.7 

g sucrose (686 kJ, 164 

kcal) 

120 430 vs 395 -116 23%   

Wilson et 

al.
(101)

  

135 63 M / 72 F,  

1.5-5.5 y 

NW 

X 

1.1 L chocolate milk with 

aspartame (345 kJ, 83 

kcal) or 1.3 L chocolate 

milk with sucrose (560 kJ, 

134 kcal) - with macaroni 

(meal #1) 

0 242 vs 252  -60 -18% each 

condition was 

conducted 

twice 

Wilson et 

al.
(101)

 

135 63 M / 72 F,  

1.5-5.5 y 

NW 

X 

1.5 L chocolate milk with 

aspartame (389 kJ, 93 

kcal) or 1.3 L chocolate 

milk with sucrose (581 kJ, 

139 kcal) - with scrambled 

eggs (meal #2) 

0 206 vs 214  -55 -20% each 

condition was 

conducted 

twice 
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Children 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ cumulative 

intake (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Wilson et 

al.
(101)

 

135 63 M / 72 F,  

1.5-5.5 y 

NW 

X 

1.1 L chocolate milk with 

aspartame (345 kJ, 83 

kcal) or 1.3 L chocolate 

milk with sucrose (581 kJ, 

139 kcal) - with spaghetti 

and meat sauce (meal #3) 

0 204 vs 209 -51 9% each 

condition was 

conducted 

twice x 

Wilson et 

al.
(101)

 

135 63 M / 72 F,  

1.5-5.5 y 

NW 

X 

1.5 L chocolate milk with 

aspartame (389 kJ, 93 

kcal) or 1.5 L chocolate 

milk with sucrose (648 kJ, 

155 kcal) - with grilled 

cheese sandwich (meal 

#4) 

0 241 vs 248 -55 11% each 

condition was 

conducted 

twice 

Bellissimo et 

al.
(102)

 

14 14 M / 0 F, 

9-14 y 

11 NW/ 1 

OW/ 2 

OB 

Non-

dieting 

250 mL water with 

sucralose (0 kJ) matched 

for sweetness with 1.0g/kg 

BW glucose (mean 836 

kJ, 200 kcal) 

30 1332 vs 

1097 

35 118% ‘No TV'-

condition only 

Bellissimo et 

al.
(103)

 

14 14 M / 0 F, 

9-14 y 

14 NW 

Non-

dieting 

250 mL water with 

sucralose (0 kJ) matched 

for sweetness with 1.0g/kg 

BW glucose (mean 836 

kJ, 200 kcal) 

 

30 1082 vs 893 -11.2 95%   
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Children 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ cumulative 

intake (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Patel et 

al.
(104)

 

29 29 M / 0 F,  

9-14 y 

Mean 

weight 51 

kg 

Non-

dieting 

250 mL water with 

sucralose (0 kcal) 

matched for sweetness 

with 0.75g/kg BW glucose 

(640 kJ, 153 kcal) 

 

30 1008 vs 848 7 105%  

Patel et 

al.
(104)

 

29 0 M / 29 F,  

9-14 y 

Mean 

weight 51 

kg 

Non-

dieting 

250 mL water with 

sucralose (0 kcal) 

matched for sweetness 

with 0.75g/kg BW glucose 

(640 kJ, 153 kcal) 

30 841 vs 662 26 117%  

Patel et 

al.
(104)

 

29 29 M / 0 F,  

9-14 y 

Mean 

weight 51 

kg 

Non-

dieting 

250 mL water with 

sucralose (0 kcal) 

matched for sweetness 

with 0.75g/kg BW glucose 

(640 kJ, 153 kcal) 

60 889 vs 927 -191 -25%  

Patel et 

al.
(104)

 

29 0 M / 29 F,  

9-14 y 

Mean 

weight 51 

kg 

Non-

dieting 

250 mL water with 

sucralose (0 kcal) 

matched for sweetness 

with 0.75g/kg BW glucose 

(640 kJ, 153 kcal) 

60 765 vs 695 -83 46%  



Rogers et al. Low energy sweeteners systematic review. Supplemental Information. 

62 

 

Children 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ cumulative 

intake (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Patel et 

al.
(104)

 

25 0 M / 25 F,  

9-14 y 

21 NW/ 3 

OW/ 1 

OB 

Non-

dieting 

250 mL water with 

sucralose (0 kcal) 

matched for sweetness 

with 1.0 g/kg BW glucose 

(706 kJ, 169 kcal) 

 

 

30 940 vs 779 -8 95%   

Tamam et 

al.
(105)

       

(Exp. 1) 

18 18 M / 0 F,  

9-14 y 

NW 

Non-

dieting 

250 mL water with 

sucralose (0 kcal) 

matched for sweetness 

with 1.0 g/kg BW glucose 

(744 kJ, 178 kcal) 

30 910 vs 763 -31 83% Sedentary 

condition 

Tamam et 

al.
(105)

       

(Exp. 1) 

17 17 M / 0 F,  

9-14 y 

OW and 

OB 

Non-

dieting 

250 mL water with 

sucralose (0 kcal) 

matched for sweetness 

with 1.0 g/kg BW glucose 

(853 kJ, 204 kcal) 

30 1182 vs 994 10 106% Sedentary 

condition 

Tamam et 

al.
(105)

       

(Exp. 2) 

19 19 M / 0 F, 

9-14 y  

NW 

Non-

dieting 

250 mL water with 

sucralose (0 kcal) 

matched for sweetness 

with 1.0 g/kg BW glucose 

(782 kJ, 187 kcal) 

30 1064 vs 807 70 137%   

Booth et 

al.
(106)

 

12 11 M / 1 F,  

X 

X 

X 

100 ml drink with 50 g 

glucose ( kJ, 184 kcal) or 

with saccharin and 

cyclamate (0 kJ, 0 kcal) 

0 352 vs 295 -143 29%   
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Children 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ cumulative 

intake (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Booth et 

al.
(106)

 

12 11 M / 1 F,  

X 

X 

X 

100 ml drink with 50 g 

glucose ( kJ, 184 kcal) or 

with saccharin and 

cyclamate (0 kJ, 0 kcal) 

20 322 vs 211 -89 56%   

Booth et 

al.
(106)

 

12 11 M / 1 F,  

X 

X 

X 

100 ml drink with 50 g 

glucose ( kJ, 184 kcal) or 

with saccharin and 

cyclamate (0 kJ, 0 kcal) 

180 201 vs 158 -157 22%   

Brala & 

Hagen
(107)

 

34 M/ F (not 

specified, about 

half-half), 

undergraduate 

students 

NW 

X 

240 ml chocolate milk with 

6 g aspartame (828 kJ, 

198 kcal) or 60 g glucose 

(1795kJ, 429 kcal) 

75 643 vs 400 12 105% Rinse with 

sweetness 

blocker 

(gymnemic 

acid) 

 

n=16 sucrose, 

n=18 

aspartame 
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Brala & 

Hagen
(107)

 

34 M/ F (not 

specified, about 

half-half), 

undergraduate 

students 

NW 

X 

240 ml chocolate milk 

with 6 g aspartame 

(828kJ, 198 kcal) or 60 g 

glucose (1795 kJ, 429 

kcal) 

75 623 vs 595 -203 12% Rinse with 

tea 

 

 n=17 

sucrose, 

n=17 

aspartame 

Rogers et 

al.
(108)

 

33 25 M / 8 F, 

19 y 

NW 

NR 

200 ml of tap water with 

240 mg ace-K (0 kJ) or 

50 g glucose (786 kJ, 

188 kcal) 

60 1395 vs 

1271 

-64 66%   

Rogers et 

al.
(108)

 

33 25 M / 8 F, 

19 y 

NW 

NR 

200 ml of tap water with 

145 mg sacharine (o kJ) 

or 50 g glucose (786 kJ, 

188 kcal) 

60 1388 vs 

1271 

-71 62%   

Rogers et 

al.
(108)

 

33 25 M / 8 F, 

19 y 

NW 

NR 

200 ml of tap water with 

162 mg aspartame (13 

kJ, 3 kcal) or 50 g 

glucose (786 kJ, 188 

kcal) 

60 1333 vs 

1271 

-123 33%   

Rogers & 

Blundell
(109)

 

21 4 M / 17 F, 

18-29 y 

NW 

NR 

Yogurt with saccharin 

(548 kJ, 131 kcal) or 

glucose (1234 kJ, 295 

60 949 vs 741 44 127%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

kcal) 

Rolls et 

al.
(110)

 

16 8 M / 8 F, 

18-35 y  

NW 

NR 

347 g of jello with 

aspartame (145 kJ, 35 

kcal) or 318 g jello with 

sucrose (799 kJ, 191 

kcal) 

120 1103 vs 

1062 

-115 26% Participants 

informed 

about 

preload 

energy 

content  

Rolls et 

al.
(110)

 

16 8 M / 8 F, 

18-35 y  

NW 

NR 

389 g of chocolate 

pudding with aspartame 

(1628 kJ, 389 kcal) or 

344 g of chocolate 

pudding with sucrose 

(2303 kJ, 551 kcal) 

120 986 vs 856 -32 80% Participants 

informed 

about 

preload 

energy 

content  

Rolls et 

al.
(110)

 

16 8 M / 8 F, 

18-35 y  

NW 

NR 

287 g of jello with 

aspartame (121 kJ, 29 

kcal) or 294 g jello with 

sucrose (739 kJ, 177 

kcal) 

 

 

120 1057 vs 938 -29 80% Participants 

not informed 

about 

preload 

energy 

content. 

Rolls et 16 8 M / 8 F, NW 289 g of chocolate 

pudding with 

120 910 vs 816 -112 46% Participants 

not informed 
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

al.
(110)

 18-35 y  NR asapartame (1209 kJ, 

289 kcal) or 310 g of 

chocolate pudding with 

sucrose (2072 kJ, 495 

kcal) 

about 

preload 

energy 

content. 

Rodin et 

al.
(111)

 

6 6 M / 0 F, 

22-50 y 

OW 

X 

500 ml of lemon flavored 

water with 0.25 g of 

aspartame (15 kJ, 3.7 

kcal) or 50 g of fructose 

(854 kJ, 204 kcal)  

50 1597 vs 

1191 

206 203%   

Rodin et 

al.
(111)

 

6 6 M / 0 F, 

22-50 y 

OW 

X 

500 ml of lemon flavored 

water with 0.25 g of 

aspartame (15 kJ, 3.7 

kcal) or 50 g of glucose 

(854 kJ, 204 kcal)  

50 1597 vs 

1267 

130 168%   

Rodin et 

al.
(111)

 

4 4 M / 0 F, 

22-50 y 

NW 

X 

500 ml of lemon flavored 

water with 0.25 g of 

aspartame (15 kJ, 3.7 

kcal) or 50 g of fructose 

(854 kJ, 204 kcal)  

 

50 1217 vs 794 223 211%   

Rodin et 

al.
(111)

 

4 4 M / 0 F, 

22-50 y 

NW 

X 

500 ml of lemon flavored 

water with 0.25 g of 

aspartame (15 kJ, 3.7 

kcal) or 50 g of glucose 

50 1217 vs 

1142 

-125 37%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

(854 kJ, 204 kcal)  

Rodin et 

al.
(111)

 

6 0 M / 6 F, 

22-50 y 

OW 

X 

500 ml of lemon flavored 

water with 0.25 g of 

aspartame (15 kJ, 3.7 

kcal) or 50 g of fructose 

(854 kJ, 204 kcal)  

50 1204 vs 854 150 175%   

Rodin et 

al.
(111)

 

6 0 M / 6 F, 

22-50 y 

OW 

X 

500 ml of lemon flavored 

water with 0.25 g of 

aspartame (15 kJ, 3.7 

kcal) or 50 g of glucose 

(854 kJ, 204 kcal)  

50 1204 vs 

1150 

-146 27%   

Rodin et 

al.
(111)

 

4 4 M / 0 F, 

22-50 y 

NW 

X 

500 ml of lemon flavored 

water with 0.25 g of 

aspartame (15 kJ, 3.7 

kcal) or 50 g of fructose 

(854 kJ, 204 kcal)  

 

 

50 978 vs 813 -35 83%   

Rodin et 

al.
(111)

 

4 4 M / 0 F, 

22-50 y 

NW 

X 

500 ml of lemon flavored 

water with 0.25 g of 

aspartame (15 kJ, 3.7 

kcal) or 50 g of glucose 

(854 kJ, 204 kcal)  

50 978 vs 916 -138 31%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Rogers et 

al.
(112)

 

18 M / F (not 

specified),  

18-25 

NW,  

non-

dieting 

Yogurt with 200 mg 

aspartame (548 kJ, 131 

kcal) or 50 g glucose 

(1233 kJ, 295 kcal)  

60 878 vs 734 -20 88% Subjects not 

informed 

about 

sweetener or 

kcal content 

of yogurt 

Rogers et 

al.
(112)

 

23 M / F (not 

specified),  

18-25 

NW,  

non-

dieting 

Yogurt with 200 mg 

aspartame (548 kJ, 131 

kcal) or 50 g glucose 

(1233 kJ, 295 kcal)  

60 1130 vs 974 -8 95% Subjects 

informed 

about 

sweetener or 

kcal content 

of yogurt 

Rolls et 

al.
(113)

 

13 13 M / 0 F, 

25 (4) y 

NW 

Non-

dieting 

237 ml drink with 0.11 g 

aspartame (21 kJ, 5 

kcal) or sucrose (347 kJ, 

83 kcal) 

 

 

0 1022 vs 

1138 

-194 149% Preload 

consumed 

with the meal 

Rolls et 

al.
(113)

 

13 13 M / 0 F, 

25 (4) y 

NW 

Non-

dieting 

473 ml drink 0.22 

gaspartame (42 kJ, 10 

kcal) or sucrose (694 kJ, 

166 kcal) 

0 1113 vs 

1046 

-89 43% Preload 

consumed 

with the meal 

Rolls et 13 13 M / 0 F, NW 

Non-

237 ml drink with 0.11 g 

aspartame (21 kJ, 5 

30 1093 vs -83 -6%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

al.
(113)

 25 (4) y dieting kcal) or sucrose (347 kJ, 

83 kcal) 

1098 

Rolls et 

al.
(113)

 

13 13 M / 0 F, 

25 (4) y 

NW 

Non-

dieting 

473 ml drink 0.22 

gaspartame (42 kJ, 10 

kcal) or sucrose (694 kJ, 

166 kcal) 

30 1138 vs 

1096 

-114 27%   

Rolls et 

al.
(113)

 

13 13 M / 0 F, 

25 (4) y 

NW 

Non-

dieting 

237 ml drink with 0.11 g 

aspartame (21 kJ, 5 

kcal) or sucrose (347 kJ, 

83 kcal) 

60 1211 vs 

1104 

-29 137%   

Rolls et 

al.
(113)

 

13 13 M / 0 F, 

25 (4) y 

NW 

Non-

dieting 

473 ml drink 0.22 

gaspartame (42 kJ, 10 

kcal) or sucrose (694 kJ, 

166 kcal) 

 

 

60 1140 vs 

1134 

-150 4%   

Canty & 

Chan
(114)

 

20 20 M / 0 F,  

29 (1) y, 23-37 

y 

NW 

NR 

200 ml of cherry flavored 

drink with 112 mg 

aspartame (not reported; 

0 kcal?) or 20 g of 

sucrose (not reported; 

80 kcal?) 

60 606 vs 504 22 128%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Canty & 

Chan
(114)

 

20 20 M / 0 F,  

29 (1) y, 23-37 

y 

NW 

NR 

200 ml of cherry flavored 

drink with 67.5 mg 

saccharine (energy not 

reported) or 20 g of 

sucrose (energy not 

reported) 

60 568 vs 504 -16 80%   

Drewnowski 

et al.
(115)

 

12 0 M 12 F, 

34 y 

OB 

R 

500 g of cream cheese 

with aspartame (1255 

kJ, 300 kcal) or 

aspartame + 

maltodextrin (2929 kJ, 

700 kcal) 

180 1255 vs 

1180  

-325 19%   

Drewnowski 

et al.
(116)

 

12 0 M / 12 F, 

25 y 

NW 

NR 

500 g of cream cheese 

with aspartame (1255 

kJ, 300 kcal) or sucrose 

(2929 kJ, 700 kcal) 

 

180 584 vs 535  -351 12%   

Drewnowski 

et al.
(116)

 

12 12 M / 0 F, 

26 y 

NW 

NR 

500 g of cream cheese 

with aspartame (1255 

kJ, 300 kcal) or sucrose 

(2929 kJ, 700 kcal) 

0 900 vs 817 -317 21%   

Guss et 

al.
(117)

 

8 0 M / 8 F, 

20 y 

NW 

X 

500 ml lemon flavored 

drink with fructose 1% + 

250 mg aspartame (88 

kJ, 21 kcal) or with 

30 679 vs 536 -36 80%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

fructose 10% (837 kJ, 

200 kcal) 

Guss et 

al.
(117)

 

8 0 M / 8 F, 

22 y 

NW 

X 

500 ml lemon flavored 

drink with fructose 1% + 

250 mg aspartame (88 

kJ, 21 kcal) or with 

fructose 10% (837 kJ, 

200 kcal) 

135 580 vs 524 -123 31%   

Guss et 

al.
(117)

 

8 0 M / 8 F, 

20 y 

NW 

X 

500 ml lemon flavored 

drink with glucose 1% + 

250 mg aspartame (88 

kJ, 21 kcal) or with 

fructose 10% (837 kJ, 

200 kcal) 

 

30 674 vs 519 -24 87%   

Guss et 

al.
(117)

 

8 0 M / 8 F, 

22 y 

NW 

X 

500 ml lemon flavored 

drink with fructose 1% + 

250 mg aspartame (88 

kJ, 21 kcal) or with 

glucose 10% (837 kJ, 

200 kcal) 

 

 

135 520 vs 570 -229 -28%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Reid and 

Hammersley 
(118)

 

18 18 M / 0 F, 

18-55 y 

NW 

X 

568 ml of orange squash 

with saccharin (42 kJ, 10 

kcal) or 40 g sucrose 

(669 kJ, 160 kcal) 

≥60, varied, 

next meal 

was not fixed 

in time 

560 vs 614 -204 -36% Between 

subjects 

design 

 

 Data 

recorded in 

diet diary 

Reid and 

Hammersley 
(118)

 

11 0 M / 11 F, 

18-55 y 

NW 

X 

568 ml of orange squash 

with saccharin (42 kJ, 10 

kcal) or 40 g sucrose 

(669 kJ, 160 kcal) 

≥60, varied, 

next meal 

was not fixed 

in time 

397 vs 262 -15 90% Between 

subjects 

design. Data 

recorded in 

diet diary 

Kim & 

Kissileff
(119)

 

8 3 M / 5 F, 

22 (2) y 

NW 

NR 

500 ml of 1%-glucose 

solution with 260 mg 

aspartame (84 kJ, 

20kcal) vs 15%-glucose 

(1254 kJ, 300kcal) 

30 613 vs 465 -132 53%   

Kim & 

Kissileff
(119)

 

8 3 M / 5 F, 

22 (2) y 

NW 

NR 

500 ml of 1%-glucose 

solution with 260 mg 

aspartame (84 kJ, 

20kcal) vs 15%-glucose 

(1254 kJ, 300kcal) 

 

30 668 vs 517  -129 54%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Lavin et al.
(5)

 14 0 M / 14 F, 

students 

NW 

R, non-

dieting 

4*330 ml lemonade with 

aspartame (42 kJ or 10 

kcal/1320 ml) or sucrose 

(1381 kJ/1320 ml, 330 

kcal/1320 ml) 

Intake during 

24h 

3181 vs, 

2775 

86 127% Beverages 

served at 

09.30, 11.30, 

14.00 and 

16.00 

Beridot – 

Therond et 

al.
(4)

 

24 12 M / 12 F, 

20-25 y 

NW  

NR 

876 ml orange-flavored 

beverage with 

aspartame (0 kJ) or 686 

ml beverage with 

sucrose (1296 kJ, 310 

kcal)  

0 to 15 803 vs 782 -289 7% intake 

continued up 

to and during 

lunch 

Beridot – 

Therond et 

al.
(4)

 

24 12 M / 12 F, 

20-25 y 

NW  

NR 

541 ml orange-flavored 

beverage with 

aspartame (0 kJ, 0 kcal) 

or 658 ml beverage with 

sucrose (1099 kJ, 263 

kcal)  

0 to 360, 

continuous ad 

lib access 

from end of 

lunch intill 

diner  

595 vs 627 -295 -12% intake 

continued up 

to and during 

diner 

King et 

al.
(120)

 

16 16 M / 0 F, 

21 y 

NW 

NR 

Ad libitum drink with 

aspartame /ace-K (50 

kJ, 12) or sucrose (971 

kJ, 232)  

10 1520 vs 

1331 

-31 86% Preload after 

exercise 

Melanson et 

al.
(121)

 

10 10 M / 0 F, 

25 y  

NW 

X 

350 g of lemon flavored 

drink with aspartame (36 

kcal) or sucrose (239 

kcal) 

Not fixed 1401 vs 

1460 

-262 -29%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Reid and 

Hammersley 
(122)

 

20 20 M / 0 F, 

31 y 

NW 

X 

80 g of low fat yogurt 

with sucrose (859 kJ, 

205 kcal) or saccharin 

(230 kJ, 55 kcal) 

≥0, varied, 

next meal 

was not fixed 

in time 

1026 vs 688 551 232% Between 

subjects 

design 

 Data 

recorded in 

diet diary  

Reid and 

Hammersley 
(122)

 

20 0 M / 20 F, 

30 y 

NW 

X 

80 g of low fat yogurt 

with sucrose (859 kJ, 

205 kcal) or saccharin 

(230 kJ, 55 kcal) 

≥0, varied, 

next meal 

was not fixed 

in time 

327 vs 305 -153 13% Between 

subjects 

design. Data 

recorded in 

diet diary 

Holt et al.
(123)

 11 11 M / 0 F, 

22 (3) y 

NW 

NR 

375 ml of diet coca cola 

+ 40 g crushed ice (7 kJ, 

2 kcal) or regular coca 

cola (629 kJ, 150 kcal) 

20 490 vs 502  -160 -8%   

Woodend & 

Anderson
(124)

 

14 14 M / 0 F, 

24 y 

NW / OW 

Non-

dieting 

360 ml of beverage 

preloads with sucralose 

(0 kJ) or 25 g sucrose 

(418 kJ, 100kcal)  

60 1066 vs978 -12 88%   

Woodend & 

Anderson
(124)

 

14 14 M / 0 F, 

24 y 

NW / OW 

Non-

dieting 

360 ml of beverage 

preloads with sucralose 

(0 kJ, 0 kcal) or 50 g 

sucrose (836 kJ, 200 

kcal)  

60 1066 vs 978 -112 44%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Woodend & 

Anderson
(124)

 

14 14 M / 0 F, 

24 y 

NW / OW 

Non-

dieting 

360 ml of beverage 

preloads with sucralose 

(0 kJ, 0 kcal) or 75 g 

sucrose (1254 kJ, 300 

kcal)  

60 1066 vs 831 -65 78%   

Van 

Wymelbeke 

et al.
(2)

 

24 12 M / 12 F, 

20-25 y 

NW 

X 

Consumed total over 

day of 2 l of orange or 

raspberry flavored 

beverage with 

aspartame / saccharin / 

ace-K (0 kJ, 0 kcal) or 

sucrose (1672 kJ / l, 400 

kcal / l) 

24h intake 2057 vs 

1928 

-671 16%   

Delavalle et 

al.
(125)

 

44 0 M / 44 F, 

25 y 

NW / OW 

NR 

360 g of diet cola (0 kJ, 

0 kcal) or regular cola 

(653 kJ, 150 kcal) 

0 893 vs. 795 -52 65%   

Akhavan & 

Anderson
(30) 

(Exp. 1) 

12 12 M/ 0 F,  

29 y 

NW 

NR 

300 ml water with lemon 

juice added with 

sucralose (0 kJ, 0 kcal) 

or fructose(80%)/ 

glucose(20%) mix (1254 

kJ, 300 kcal)  

 

 

(min) 1220 vs 

1207 

-287 4%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Akhavan & 

Anderson
(30)

 

(Exp. 1) 

12 12 M/ 0 F,  

29 y 

NW 

NR 

300 ml water with lemon 

juice added with 

sucralose (0 kJ, 0 kcal) 

or HFCS55 (1254 kJ, 

300 kcal)  

80 1220 vs 

1132 

-212 29%   

Akhavan & 

Anderson
(30)

 

(Exp. 1) 

12 12 M/ 0 F,  

29 y 

NW 

NR 

300 ml water with lemon 

juice added with 

sucralose (energy not 

reported) or sucrose 

(1254 kJ, 300 kcal) 

80 1220 vs 

1052 

-132 56%   

Akhavan & 

Anderson
(30)

 

(Exp. 1) 

12 12 M/ 0 F,  

29 y 

NW 

NR 

300 ml water with lemon 

juice added with 

sucralose (0 kJ, 0 kcal) 

or glucose(80%)/ 

fructose(20%) mix (1254 

kJ, 300 kcal)  

 

80 1220 vs 

1045 

-126 58%   

Appleton & 

Blundell
(3)

 

10 0 M/ 10 F, 

X 

NW / OW  

NR,  

low LES 

consumer 

 

2 x 330 ml beverage 

with LES (41 kJ, 10 kcal) 

or sugars (1046 kJ, 250 

kcal) before lunch 

90 + 180 597 vs 584 -227 5% test meal 

180 min after 

1
st
 drink and 

90 min after 

2
nd

 drink 

(morning) 
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Appleton & 

Blundell
(3)

 

10 0 M/ 10 F, 

X 

OW 

NR, high 

LES 

consumer

s 

2 x 330 ml beverage 

with LES (41 kJ, 10 kcal) 

or sugars (1046 kJ, 250 

kcal) before lunch 

90 + 180 906 vs 868 -202 16% test meal 

180 min after 

1
st
 drink and 

90 min after 

2
nd

 drink 

(morning) 

Appleton & 

Blundell
(3)

 

10 0 M/ 10 F, 

X 

NW / OW  

NR,  

low LES 

consumer

s 

2 x 330 ml beverage 

with LES (41 kJ, 10 kcal) 

or sugars (1046 kJ, 250 

kcal) before evening 

meal 

90 + 180 591 vs 540 -189 21% test meal 

180 min after 

1
st
 drink and 

90 min after 

2
nd

 drink 

(afternoon) 

Appleton & 

Blundell
(3)

 

10 0 M/ 10 F, 

X 

OW 

NR, high 

LES 

consumer 

2 x 330 ml beverage 

with LES (41 kJ, 10 kcal) 

or sugars (1046 kJ, 250 

kcal) before evening 

meal 

90 + 180 642 vs 643 -241 0% test meal 

180 min after 

1
st
 drink and 

90 min after 

2
nd

 drink 

(afternoon) 

Monsivais et 

al.
(126)

 

37 19 M / 18 F 

M: 23 (4.0) y  

F: 23 (2.8) y 

NW 

NR 

475 ml of cola with 

aspartame (8 kJ, 2 kcal) 

or HCFS42 (899 kJ, 215 

kcal) 

 

 

120 1009 vs 979 -182 14%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Monsivais et 

al.
(126)

 

37 19 M / 18 F 

M: 23 (4.0) y  

F: 23 (2.8) y 

NW 

NR 

475 ml of cola with 

aspartame (8 kJ, 2 kcal) 

or HCFS55 (899 kJ, 215 

kcal) 

120 1009 vs 969 -171 19%   

Monsivais et 

al.
(126)

 

37 19 M / 18 F 

M: 23 (4.0) y  

F: 23 (2.8) y 

NW 

NR 

475 ml of cola with 

aspartame (8 kJ, 2 kcal) 

or sucrose (899 kJ, 215 

kcal) 

120 1009 vs 957 -161 24%   

Soenen and 

Westerterp –

Plantenga 
(127)

 

20 0 M / 20 F, 

21 y 

NW 

NR 

800 ml of orange 

flavored beverage with 

aspartame / ace-K / 

sodium cyclamate (2 kJ, 

0.5 kcal) or sucrose 

(1500 kJ, 359 kcal) 

50 548 vs 417 -227 36%   

Soenen and 

Westerterp-

Plantenga 
(127)

 

20 0 M / 20 F, 

21 y 

NW 

NR 

800 ml of orange 

flavored beverage with 

aspartame / ace-K / 

sodium cyclamate (2 kJ, 

0.5 kcal) or hfcs (1500 

kJ, 359 kcal) 

 

 

 

50 548 vs 448 -259 28%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Soenen and 

Westerterp-

Plantenga 
(127)

 

20 20 M / 0 F, 

22 y 

NW 

NR 

800 ml of orange 

flavored beverage with 

aspartame / ace-K / 

sodium cyclamate (2 kJ, 

0.5 kcal) or sucrose 

(1500 kJ, 359 kcal) 

50 753 vs 567 -172 52%   

Soenen and 

Westerterp-

Plantenga 
(127)

 

20 20 M / 0 F, 

22 y 

NW 

NR 

800 ml of orange 

flavored beverage with 

aspartame / ace-K / 

sodium cyclamate (2 kJ, 

0.5 kcal) or hfcs (1500 

kJ, 359 kcal) 

50 753 vs 558 -163 54%   

Anton et 

al.
(128)

 

31 M / F (not 

specified), 

28 y 

19 NW/ 

12 OB 

NR 

400 g of crackers and 

cream cheese with 

stevia (1212 kJ, 290 

kcal) or 

sucrose (2060 kJ, 493 

kcal) before lunch 

20 575 vs 554 -182 10%  

Anton et 

al.
(128)

 

31 M / F (not 

specified), 

28 y 

19 NW/ 

12 OB 

NR 

400 g of crackers and 

cream cheese with 

aspartame (1212 kJ, 

290 kcal) or sucrose 

(2060 kJ, 493 kcal) 

before lunch 

 

20 590 vs 554 -167 18%  
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Anton et 

al.
(128)

 

31 M / F (not 

specified), 

28 y 

19 NW/ 

12 OB 

NR 

400 g of crackers and 

cream cheese with 

stevia (1212 kJ, 290 

kcal) or 

sucrose (2060 kJ, 493 

kcal) before dinner 

20 624 vs, 548 -127 37%  

Anton et 

al.
(128)

 

31 M / F (not 

specified), 

28 y 

19 NW/ 

12 OB 

NR 

400 g of crackers and 

cream cheese with 

aspartame (1212 kJ, 

290 kcal) or sucrose 

(2060 kJ, 493 kcal) 

before dinner 

20 618 vs 548 -133 34%  

Ranawana & 

Henry
(129)

 

23 23 M / 0 F, 

24 y 

NW 

NR 

325 ml of fruit drink with 

aspartame + ace-K (0 

kJ) or 349 ml of fruit 

drink with sucrose (627 

kJ, 150 kcal) 

60 1207 vs 

1045 

12 108%   

Ranawana & 

Henry
(129)

 

23 23 M / 0 F, 

24 y 

NW 

NR 

325 ml of fruit drink with 

aspartame + ace-K (0 

kJ) or 319 ml of orange 

juice (627 kJ, 150 kcal) 

60 1207 vs 

1033 

24 116%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Ranawana & 

Henry
(129)

 

24 0 M / 24 F, 

24 y 

NW 

NR 

325 ml of fruit drink with 

aspartame + ace-K (0 

kJ) or 349 ml of fruit 

drink with sucrose (627 

kJ, 150 kcal) 

60 786 vs 776 -140 7%   

Ranawana & 

Henry
(129)

 

24 0 M / 24 F, 

24 y 

NW 

NR 

325 ml of fruit drink with 

aspartame + ace-K (0 

kJ) or 319 ml of orange 

juice (627 kJ, 150 kcal) 

60 786 vs 701 -65 57%   

Akhavan et 

al.
(130)

         

(Exp. 2) 

 15 M/ 0 F,  

19-28 y  

NW 

NR 

300 ml lemon-flavored 

water with 0.13 g 

sucralose and 6 g 

gelatin not set (84 kJ, 20 

kcal) or 75 g sucrose 

and 6 g gelatin set (1339 

kJ, 320 kcal)  

60 15 -204 32%   

Akhavan et 

al.
(130)

 

(Exp. 2) 

15 15 M/ 0 F,  

19-28 y  

NW 

NR 

300 ml lemon-flavored 

water with 0.13 g 

sucralose and 6 g 

gelatin not set (84 kJ, 20 

kcal) or 75 g sucrose 

and 6 g gelatin not set 

(1339 kJ, 320 kcal) 

 

60 1465 vs 

1360 

-195 35%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Akhavan et 

al.
(130)        

(Exp. 2) 

15 15 M/ 0 F,  

19-28 y  

NW 

NR 

300 ml lemon-flavored 

water with 0.13 g 

sucralose and 6g gelatin 

not set (84 kJ, 20 kcal) 

or 75 g sucrose and 6 g 

gelatin not set (1272 kJ, 

304 kcal) or glucose 

(50%)/ fructose (50%) 

(1339 kJ, 320 kcal)  

60 1465 vs 

1358 

-193 36%   

Rogers et 

al.
(131)

 

15 15 M / 0 F, 

25 y 

NW, 

NR 

300 ml of blackcurrant 

juice with sucralose (8 

kJ, 2 kcal) or sucrose 

(669 kJ, 160 kcal) 

20 1294 vs 

1198 

-62 61%   

Rogers et 

al.
(131)

 

18 0 M / 18 F, 

25 y 

NW, 

NR 

300 ml of blackcurrant 

juice with sucralose (8 

kJ, 2 kcal) or sucrose 

(669 kJ, 160 kcal) 

20 827 vs 760 -91 42%   

Maersk et 

al.
(132)

 

14 7 M / 7 F, 

34 (9.2) y 

OW / OB 

X 

500 ml of diet cola with 

aspartame (7.5 kJ, 2 

kcal) or regular cola with 

sucrose (900 kJ, 215 

kcal)  

 

 

240 1196 vs 

1155 

-172 20%   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + test 

meal (kcal),  

LES minus 

comparison 

(kcal)  

COMPX 

(energy 

compen

sation 

%) 

Notes 

Carvalho et 

al.
(133)

 

24 13 M / 11 F,  

21.5 (2.33) y 

NW 

Non-

dieting 

500 ml of pineapple  

soda with sucralose (92 

kJ, 22 kcal) or sugar 

(920 kJ, 220 kcal) 

150 1385 vs 

1488 

-301 -52%   

Panahi et 

al.
(134)

 

29 15 M / 14 F,  

22 y 

NW 

NR 

373 g of diet cola  

(0 kJ, 0 kcal) or 443 g of 

regular cola (815 kJ, 195 

kcal) 

0 926 vs 915 -184 6% Beverages 

consumed  

ad libitum 

with meal;  

ad libitum 

intake diet 

vs. regular 

cola NS 

EI, energy intake; LES, low energy sweetener; Δ, change (difference from baseline to last time point unless otherwise described); COMPX, compensation index.  
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Table S8. Characteristics and results of short-term intervention studies comparing the effects on EI of LES versus unsweetened 

products  
Children 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval 

(min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ cumulative 

intake (kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Wilson et 

al.
(102)

 

135 63 M / 72 F,  

1.5-5.5 y 

NW 

X 

1.1 L chocolate milk with 

aspartame (345 kJ, 83 kcal) 

or 0.8 L plain milk (222 kJ, 

53 kcal) 

0 242 vs 262 10   

Wilson et 

al.
(102)

 

135 63 M / 72 F,  

1.5-5.5 y 

NW 

X 

1.5 L chocolate milk with 

aspartame (389 kJ, 93 kcal) 

or 0.8 L plain milk (205 kJ, 

49 kcal)  

0 206 vs 250 0   

Wilson et 

al.
(102) 

 

135 63 M / 72 F,  

1.5-5.5 y 

NW 

X 

1.1 L chocolate milk with 

aspartame (345 kJ, 83 kcal) 

or 0.8 L plain milk (205 kJ, 

49 kcal)  

0 209 vs 219 24   

Wilson et 

al.
(102)

 

135 63 M / 72 F,  

1.5-5.5 y 

NW 

X 

1.5 L chocolate milk with 

aspartame (389 kJ, 93 kcal) 

or 0.8 L plain milk (275 kJ, 

66 kcal)  

0 248 vs 275  0   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval 

(min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Brala & 

Hagen
(108)

 

39 M/ F (not 

specified, about 

half-half), 

undergraduate 

students 

NW 

X 

240 ml chocolate milk with 

0.6 g aspartame (828 kJ, 

198 kcal) (n = 18) or nothing 

added (828 kJ, 198 kcal) 

(n=21) 

75 634 vs 480 163 Rinse with 

sweetness blocker 

(gymnemic acid) 

 

n=18 aspartame, 

n=21 nothing 

added 

Brala & 

Hagen
(108)

 

34 M/ F (not 

specified, about 

half-half), 

undergraduate 

students 

NW 

X 

240 ml chocolate milk with 

0.6 g aspartame (828 kJ, 

198 kcal) (n=17) or nothing 

added (828 kJ, 198 kcal) 

(n=17) 

75 623 vs 678 

kcal 

-55 Rinse with tea 

 

n=17 aspartame, 

n=17 nothing 

added Rogers & 

Blundell
(110)

 

21 4 M / 17 F, 

18-29 y 

NW 

NR 

Yogurt with saccharin (548 

kJ, 131 kcal) or 

unsweetened yougurt (548 

kJ, 131 kcal) 

60 949 vs 947 102   

Ho et al.
(135)

 8 0 M / 8 F  

40 y 

NW 

R 

167 ml lemon flavored 

pudding with cyclamate (280 

kJ, 67 kcal) or unsweetened 

(280 kJ, 67 kcal) 

 

 

30 456 vs 545 -89   



Rogers et al. Low energy sweeteners systematic review. Supplemental Information. 

86 

 

Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval 

(min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Ho et al.
(135)

 9 0 M / 9 F 

49 y 

OW 

R 

167 ml lemon flavored 

pudding with cyclamate (280 

kJ, 67 kcal) or unsweetened 

(280 kJ, 67 kcal) 

30 480 vs 498 -18   

Ho et al.
(135)

 7 0 M / 7 F 

41 y 

NW 

NR 

167 ml lemon flavored 

pudding with cyclamate (280 

kJ, 67 kcal) or unsweetened 

(280 kJ, 67 kcal) 

30 657 vs 567 90   

Ho et al.
(135)

 8 0 M / 8 F  

40 y 

NW 

R 

167 ml lemon flavored 

pudding with cyclamate 

(1644 kJ, 393 kcal) or 

unsweetened (1644 kJ, 393 

kcal) 

30 406 vs 461 -55   

Ho et al.
(135)

 9 0 M / 9 F 

49 y 

OW 

R 

167 ml lemon flavored 

pudding with cyclamate 

(1644 kJ, 393 kcal) or 

unsweetened (1644 kJ, 393 

kcal) 

30 403 vs 415 -12   

Ho et al.
(135)

 7 0 M / 7 F 

41 y 

NW 

NR 

167 ml lemon flavored 

pudding with cyclamate 

(1644 kJ, 393 kcal) or 

unsweetened (1644 kJ, 393 

kcal) 

 

30 534 vs 552 -18   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval 

(min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Rogers et 

al.
(112)

 

18 M / F (not 

specified),  

18-25 

NW 

non-

dieting 

Yogurt with 200 mg 

aspartame (548 kJ, 131 

kcal) or unsweetened yogurt 

(548 kJ, 131 kcal)  

 

60 878 vs 814 64 Subjects not 

informed about 

sweetener or kcal 

content  

Rogers et 

al.
(112)

 

23 M / F (not 

specified),  

18-25 

NW 

non-

dieting 

Yogurt with 200 mg 

aspartame (548 kJ, 131 

kcal) or unsweetened yogurt 

(548 kJ, 131 kcal)  

60 1130 vs 1017 113 Subjects informed 

about sweetener or 

kcal content  

Drewnowski 

et al.
(115)

 

12 0 M / 12 F 

34 y 

OB 

NR 

400 g cream cheese with 

aspartame (1255 kJ, 300 

kcal) or plain cream cheese 

(1255 kJ, 300 kcal) 

180 min 1255 vs 1224 31   

Drewnowski 

et al.
(116)

 

12 0 M / 12 F 

25 y 

NW 

NR 

400 g cream cheese with 

aspartame (1255 kJ, 300 

kcal) or plain cream cheese 

(1255 kJ, 300 kcal) 

180 min 584 vs 657  -73   

Drewnowski 

et al.
(116)

 

12 12 M / 0 F 

26 y 

NW 

NR 

400 g cream cheese with 

aspartame (xx kJ, xx kcal) or 

plain cream cheese (xx kJ, 

xx kcal) 

 

180 900 vs 868 34   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval 

(min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Beridot – 

Therond et 

al.
(4)

 

24 12 M / 12 F 

20-25 y 

NW 

NR 

876 ml orange beverage 

with aspartame (0 kJ, 0 kcal) 

or 572 ml unsweetened 

orange flavored beverage 

Ad libitum, 

0 to 15 

803 vs 819 -16 Ad libitum intake; 

 

 intake from lunch 

up until and during 

dinner 

Beridot – 

Therond et 

al.
(4)

 

24 12 M / 12 F 

20-25 y 

NW 

NR 

541 ml orange flavored 

beverage with aspartame (0 

kJ, 0 kcal) or 572 ml 

unsweetened orange 

flavored beverage 

Ad libitum 

beverage 

intake from 

6 h before 

dinner  

595 vs 632 -37 Ad libitum intake; 

 

 intake from lunch 

up until and during 

dinner 

Akhavan et 

al.
(130)

     

(Exp. 1) 

14 14 M / 0 F, 19-

28 y 

NW,  

NR 

300 ml of orange-flavored 

water with 6 g gelatin not set 

and 0.13 g sucralose (0 kJ, 

0 kcal) or orange-flavored 

water with 6 g gelatin not set 

60 1273 vs 1373 -100  

EI, energy intake; LES, low energy sweetener; Δ, change (difference from baseline to last time point unless otherwise described). 
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Table S9. Characteristics and results of short-term intervention studies comparing the effects on EI of LES versus water 
Children 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ cumulative 

intake (kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Birch et 

al.
(96)

     

(Exp. 1) 

24 10 M / 14 F,  

5 y 

NW/OW, 

non-

dieting 

205 mL water with 140 mg 

aspartame (15 kJ, 3.5 

kcal) or water 

0 451 vs 454 0.5   

Birch et 

al.
(96)

     

(Exp. 1) 

24 10 M / 14 F,  

5 y 

NW/OW, 

non-

dieting 

205 mL water with 140 mg 

aspartame (15 kJ, 3.5 

kcal) or water 

30 458 vs 521 -59.5   

Birch et 

al.
(96)

      

(Exp. 1) 

24 10 M / 14 F,  

5 y 

NW/OW, 

non-

dieting 

205 mL water with 140 mg 

aspartame (15 kJ, 3.5 

kcal) or water 

60 378 vs 421 -39.5   

Birch et 

al.
(96)

     

(Exp. 2) 

20 7 M / 13 F,  

3 y 

NW/OW, 

non-

dieting 

205 mL water with 140 mg 

aspartame (15 kJ, 3.5 

kcal) or water 

0 350 vs 371 -18.4   

Birch et 

al.
(96)

     

(Exp. 2) 

20 7 M / 13 F,  

3 y 

NW/OW, 

non-

dieting 

205 mL water with 140 mg 

aspartame (15 kJ, 3.5 

kcal) or water 

30 353 vs 391 -35.4   

Birch et 

al.
(96)

     

(Exp. 2) 

20 7 M / 13 F,  

3 y 

NW/OW, 

non-

dieting 

205 mL water with 140 mg 

aspartame (15 kJ, 3.5 

kcal) or water 

60 346 vs 367 -18.4   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Rogers et 

al.
(108)

 

12 4 M / 8 F 

19 y 

NW 

NR 

200 ml of water with 

acesulfame K (0 kcal) or 

water 

60 1395 vs 1436 -41   

Rogers et 

al.
(108)

 

12 4 M / 8 F 

19 y 

NW 

NR 

200 ml of water with 

saccharine (0 kcal) or 

water 

60 1388 vs 1436 -48   

Rogers et 

al.
(108)

 

12 4 M / 8 F 

19 y 

NW 

NR 

200 ml of water with 

aspartame (13 kJ, 3 kcal) 

or water 

60 1333 vs 1436 -100   

Rodin et 

al.
(111)

 

6 6 M / 0 F  

22-50 y 

OW 

X 

500 ml of xx with 

aspartame (15 kJ, 3.7 

kcal) or water 

50 1597 vs 1487 114   

Rodin et 

al.
(111)

 

4 4 M / 0 F  

22-50 y 

NW 

X 

500 ml of xx with 

aspartame (15 kJ, 3.7 

kcal) or water 

50 1217 vs 1333 -112   

Rodin et 

al.
(111)

 

6 0 M / 6 F  

22-50 y 

OW 

X 

500 ml of xx with 

aspartame (15 kJ, 3.7 

kcal) or water 

50 1204 vs 1285 -77   

Rodin et 

al.
(111)

 

4 0 M / 4 F  

22-50 y 

NW 

X 

500 ml of xx with 

aspartame (15 kJ, 3.7 

kcal) or water 

50 978 vs 809 173   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Rogers et 

al.
(136)

    

(Exp. 1) 

12 6 M / 6 F 

18-26 y 

NW 

NR 

200 ml of water with 235 

mg aspartame (21 kJ, 5 

kcal) plus placebo capsule 

with 1.2 g corn flour (21 

kJ, 5 kcal) or water with 

same placebo capsule (21 

kJ, 5 kcal) 

60 1214 vs 1263 -49   

Rogers et 

al.
(136)

      

(Exp 2) 

15 5 M / 10 F 

19-24 y 

NW 

NR 

200 ml of water with 

aspartame (4 kJ, 1 kcal) 

plus placebo capsule with 

235 mg corn flour (4 kJ, 1 

kcal) or water with 

placebo capsule (4 kJ, 1 

kcal)  

60 1339 vs 1467 -128  

Rolls et 

al.
(114)

 

13 13 M / 0 F  

25 (4.3) y 

NW 

NR 

237 ml drink with 0.11 g 

aspartame (21 kJ, 5 kcal) 

or water 

0 1022 vs 1083 -56  

Rolls et 

al.
(113)

 

13 13 M / 0 F  

25 (4.3) y 

NW 

NR 

473 ml drink 0.22 

gaspartame (42 kJ, 10 

kcal) or water 

0 1113 vs 1077 41  

Rolls et 

al.
(113)

 

13 13 M / 0 F  

25 (4.3) y 

NW 

NR 

237 ml drink with 0.11 g 

aspartame (21 kJ, 5 kcal) 

or water 

 

30 1093 vs 1137 -39   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Rolls et 

al.
(113)

 

13 13 M / 0 F  

25 (4.3) y 

NW 

NR 

473 ml drink 0.22 

gaspartame (42 kJ, 10 

kcal) or water 

30 1138 vs 1199 -56   

Rolls et 

al.
(113)

 

13 13 M / 0 F  

25 (4.3) y 

NW 

NR 

237 ml drink with 0.11 g 

aspartame (21 kJ, 5 kcal) 

or water 

60 1211 vs 1147 69   

Rolls et 

al.
(113)

 

13 13 M / 0 F  

25 (4.3) y 

NW 

NR 

473 ml drink 0.22 

gaspartame (42 kJ, 10 

kcal) or water 

60 1140 vs 1125 -80   

Black et 

al.
(137)

 

7 7 M / 0 F 

19-25 y 

NW / OW 

R 

280 ml soda with 

aspartame (0 kcal) or 

water 

60 1770 vs 1970 -200  Consumed in 2 

min 

Black et 

al.
(137)

 

13 13 M / 0 F 

19-25 y 

NW / OW 

NR 

280 ml soda with 

aspartame (0 kcal) or 

water 

60 1370 vs 1290 80  Consumed in 2 

min 

Black et 

al.
(137)

 

7 7 M / 0 F 

19-25 y 

NW / OW 

R 

280 ml soda with 

aspartame (0 kcal) or 

water 

60 1880 vs 1970 -90  Consumed in 10 

min 

Black et 

al.
(137)

 

13 13 M / 0 F 

19-25 y 

NW / OW 

NR 

280 ml soda with 

aspartame (0 kcal) or 

water 

 

60 1432 vs 1290 142  Consumed in 10 

min 
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Black et 

al.
(137)

 

7 7 M / 0 F 

19-25 y 

NW / OW 

R 

560 ml soda with 

aspartame (0 kcal) or 

water 

60 1740 vs 1970 -230  Consumed in 10 

min 

Black et 

al.
(137)

 

13 13 M / 0 F 

19-25 y 

NW / OW 

NR 

560 ml soda with 

aspartame (0 kcal) or 

water 

60 1456 vs 1290 166  Consumed in 10 

min 

Canty & 

Chan
(115)

 

20 20 M / 0 F 

29 (1 (23-37)) 

NW 

NR 

200 ml cherry flavored 

drink with aspartame 

(energie not reported) or 

water 

60 606 vs 589 17   

Canty & 

Chan
(114)

 

20 20 M / 0 F 

29 (1) (23-37) y 

NW 

NR 

200 ml cherry flavored 

drink with saccharine 

(energy not reported) or 

water 

60 568 vs 589 -21   

Black et 

al.
(138)

 

18 18 M / 0 F 

19-25 y 

NW 

X 

280 ml diet soda (0 kJ, 0 

kcal) or water 

60 1721 vs 1721 0   

Black et 

al.
(138)

 

18 18 M / 0 F 

19-25 y 

NW 

X 

560 ml diet soda (0 kJ, 

0kcal) or water 

60 1827 vs 1711 116   

Reid and 

Hammersley 
(118)

 

18 18 M / 0 F 

18-55 y 

NW 

X 

568 ml of orange squash 

with saccharin (42 kJ, 10 

kcal) or water 

 

≥60, varied, 

next meal was 

not fixed in 

time 

560 vs 698 -128 Between subjects 

design 
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Reid and 

Hammersley 
(118)

 

20 0 M / 20 F 

18-55 y 

NW 

X 

568 ml of orange squash 

with saccharin (42 kJ, 10 

kcal) or water 

≥60, varied, 

next meal was 

not fixed in 

time 

397 vs 548 -141 Between subjects 

design  

Kim & 

Kissilef
(119)

 

8 3 M / 5 F  

22 (2) y  

NW 

NR 

500 ml of 1%-glucose 

solution with 260 mg 

aspartame (84 kJ, 20kcal) 

or water 

30 613 vs 641 -8 Lab-setting 

Kim & 

Kissilef
(119)

 

8 3 M / 5 F  

22 (2) y 

NW 

NR 

500 ml of 1%-glucose 

solution with 260 mg 

aspartame (84 kJ, 20kcal) 

or water 

30 668 vs 641 47 Cafetaria-setting 

Lavin et al.
(5)

 14 0 M / 14 F 

X  

NW 

R 

4 * 330 ml lemonade with 

aspartame (42 kJ or 10 

kcal/1320 ml) or water 

24h intake 3181 vs 2967 224  4*330 ml 

lemonade 

consumed during 

day 

Beridot – 

Therond et 

al.
(4)

 

24 12 M / 12 F 

20-25 y 

NW 

NR 

876 ml orange beverage 

with aspartame (0 kJ, 0 

kcal) or 646 ml water 

Ad libitum, 0 to 

15 

803 vs 857 -54 Ad libitum intake 

 

 intake continued 

up to and during 

lunch 
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Beridot – 

Therond et 

al.
(4)

 

24 12 M / 12 F 

20-25 y 

NW 

NR 

 876 ml orange flavored 

beverage with aspartame 

(0 kJ, 0 kcal) or 1480 ml 

water 

Ad libitum, 0 to 

15 

803 vs 969 -166 Ad libitum intake 

 

 intake continued 

up to and during 

lunch 

Beridot- 

Therond et 

al.
(4)

 

24 12 M / 12 F 

20-25 y 

NW 

NR 

541 ml orange flavored 

with aspartame beverage 

(0 kJ, 0 kcal) or 1457 ml 

water 

Ad libitum 

beverage 

intake from 6 

hr before 

dinner  

595 vs 615 -20 Ad libitum intake 

 

 intake from lunch 

up until and during 

dinner 

Beridot-

Therond et 

al.
(4)

 

24 12 M / 12 F 

20-25 y 

NW 

NR 

541 ml orange flavored 

beverage with aspartame 

(0 kJ, 0 kcal) or 578 ml 

water 

Ad libitum 

beverage 

intake from 6 

hr before 

dinner  

595 vs 647 -52 Ad libitum intake 

intake from lunch 

up until and during 

dinner 

King et 

al.
(120)

 

16 16 M / 0 F 

21 y 

NW 

NR 

Ad libitum drink with 

aspartame /ace-K (50 kJ, 

12 kcal) or water 

10 1520 vs 1358 174  

Holt et al.
(123)

 11 11 M / 0 F 

22 (3) y 

NW 

NR 

375 ml diet coca cola + 40 

g crushed ice (7 kJ, 2 

kcal) or water  

20 490 vs 554 -62  
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Woodend & 

Anderson
(124)

 

14 14 M / 0 F  

24 y 

NW / OW 

NR 

300 ml of xx with 125 mg 

sucralose (0 kJ, 0 kcal) or 

water 

60 1066 vs 1101 -35  

Delavalle et 

al.
(125)

 

44 0 M / 44 F 

25 (20-56) y 

NW / OW 

NR 

360 ml diet coke (0 kJ, 0 

kcal) or water 

0 min 795 vs 794 1   

Akhavan & 

Anderson
(30) 

(Exp. 1) 

12 12 M / 0 F,  

29 y 

NW,  

NR 

300 ml water with lemon 

juice added with sucralose 

(0 kJ, 0 kcal) or water 

80 1120 vs 1320 -100  

Appleton & 

Blundell
(3)

 

10 0 M /10 F 

X 

NW / OW 

NR 

2 x 330 ml beverage with 

artifical sweeteners ( 42 

kJ, 10 kcal) or water (0 kJ, 

0 kcal) in the morning 

before lunch 

90 + 180 616 vs 577 49 low LES 

consumers 

 

test meal served 

180 min after 1
st
 

drink and 90 min 

after 2
nd

 drink 

(morning) 

Appleton & 

Blundell
(3)

 

10 0 M /10 F 

X 

NW / OW 

NR 

2 x 330 ml beverage with 

artifical sweeteners (42 

kJ, 10 kcal) or water (0 kJ, 

0 kcal) in the morning 

before lunch 

90 + 180 917 vs 913 14 high LES 

consumers 

 test meal served 

180 min after 1
st
 

drink and 90 min 

after 2
nd

 drink 

(morning) 
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Appleton & 

Blundell
(3)

 

10 0 M /10 F 

X 

NW / OW 

NR 

2 x 330 ml beverage with 

artifical sweeteners (42 

kJ, 10 kcal) or water (0 kJ, 

0 kcal) in the morning 

before evening meal 

90 + 180 605 vs 587 28 low LES 

consumers 

 

test meal served 

180 min after 1
st
 

drink and 90 min 

after 2
nd

 drink 

(afternoon) 

Appleton & 

Blundell
(3)

 

10 0 M /10 F 

X 

NW / OW 

NR 

2 x 330 ml beverage with 

artifical sweeteners (42 

kJ, 10 kcal) or water (0 kJ, 

0 kcal) in the morning 

before evening meal 

90 + 180 653 vs 681 -18 high LES 

consumers 

  

test meal served 

180 min after 1
st
 

drink and 90 min 

after 2
nd

 drink 

(afternoon) 

Akhavan et 

al.
(130)

 

(Exp. 1) 

14 14 M / 0 F, 19-

28 y 

NW,  

NR 

300 ml of orange-flavored 

water with 0.13 g 

sucralose (0 kJ, 0 kcal) or 

orange-flavored water 

60 1319 vs 1418 -99  

Ford et 

al.
(139)

 

8 7 M / 1 F 

X 

NW 

X 

50 ml of water with 42 mg 

sucralose (0 kJ,0 kcal) or 

50 ml water 

60 620 vs 562 58   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Rogers et 

al.
(131)

 

14 14 M / 0 F 

25 y 

NW 

NR 

300 ml of blackcurrant 

juice with sucralose (8 kJ, 

2 kcal) or water 

20 1150 vs 1134 18   

Rogers et 

al.
(131)

 

18 0 M / 18 F 

25 y 

NW 

NR 

300 ml of blackcurrant 

juice with sucralose (8 kJ, 

2 kcal) or water 

20 808 vs 783 27   

Maersk et 

al.
(132)

 

14 7 M / 7 F 

34 (9.2) 

OB 

X 

500 ml of diet cola with 

aspartame (7,5 kJ, 2 kcal) 

or water 

240 1196 vs 1147 51  

Carvalho et 

al.
(133)

 

24 13 m / 11 F 

22 (2.33) y 

NW 

NR 

500 ml of pineapple soda 

with sucralose (92 kJ, 22 

kcal) or 500 ml water 

150 1385 vs 1377 30   

Carvalho et 

al.
(133)

 

27 13 M / 14 F 

22 (1.84) y 

NW / OW 

NR 

500 ml of sweetened 

beverage with sucralose 

(105 kJ, 25 kcal) or 500 

ml water 

150 1485 vs 1335 175   

Carvalho et 

al.
(133)

 

27 13 M / 14 F 

22 (1.84) y 

NW / OW 

NR 

500 ml of sweetened 

beverage with sucralose 

(105 kJ, 25 kcal) or 500 

ml water 

 

 

150 1265 vs 1335 -45   
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Adults 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload to 

test meal 

interval (min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ intake 

preload + 

test meal 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Panahi et 

al.
(134)

 

29 15 M / 14 F  

22 (0.4) y 

NW 

NR 

373 g diet cola (0 kJ, 0 

kcal) or 456 g water 

0 926 vs 962 -36 Beverages 

consumed ad 

libitum 

difference in 

intake diet cola 

and water NS 

EI, energy intake; LES, low energy sweetener; Δ, change (difference from baseline to last time point unless otherwise described). 
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Table S10. Characteristics and results of short-term intervention studies comparing the effects on EI of LES versus nothing  
LES vs 

nothing 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and 

comparison 

preloads 

Preload 

to test 

meal 

interval 

(min) 

Intake test meal (kcal),  

LES vs comparison 

∆ cumulative 

intake (kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Rolls et 

al
.(113)

 

13 13 M / 0 F 

25 (4) y 

NW 

Non-

dieting 

237 ml drink with 

0.11 g aspartame (21 

kJ, 5 kcal) or nothing 

0 1022 vvs 1083 -56  

Rolls et 

al.
(113)

 

13 13 M / 0 F 

25 (4) y 

NW 

Non-

dieting 

473 ml drink 0.22 

gaspartame (42 kJ, 

10 kcal) or nothing 

0 1113 vs 1083 35  

Rolls et 

al.
(113)

 

13 13 M / 0 F 

25 (4) y 

NW 

Non-

dieting 

237 ml drink with 

0.11 g aspartame (21 

kJ, 5 kcal) or nothing 

30 1083 vs 1053 45   

Rolls et 

al.
(113)

 

13 13 M / 0 F 

25 (4) y 

NW 

Non-

dieting 

473 ml drink 0.22 

gaspartame (42 kJ, 

10 kcal) or nothing 

30 1138 vs 1053 90   

Rolls et 

al.
(113)

 

13 13 M / 0 F 

25 (4) y 

NW 

Non-

dieting 

237 ml drink with 

0.11 g aspartame (21 

kJ, 5 kcal) or nothing 

60 1211 vs 1150 66   

Rolls et 

al.
(113)

 

13 13 M / 0 F 

25 (4) y 

NW 

Non-

dieting 

473 ml drink 0.22 

gaspartame (42 kJ, 

10 kcal) or nothing 

60 1140 vs 1150 -5   

Monsivais et 

al.
(126)

 

37 19 M / 18 F 

M: 23 (4) y 

F: 23 (3) y 

M: NW / 

OW 

F: NW 

NR 

475 ml of xx with 

aspartame (8 kJ, 2 

kcal) or nothing 

120 1009 vs 1008 3   

EI, energy intake; LES, low energy sweetener; Δ, change (difference from baseline to last time point unless otherwise described). 
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Table S11. Characteristics and results of short-term intervention studies comparing the effects on EI of LES in capsules versus 

placebo capsules  
LES 

capsules 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload 

to test 

meal 

interval 

(min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ 

cumulative 

intake 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Rogers et 

al.
(136)

    

(Exp. 1) 

12 6 M / 6 F 

18-26 y 

NW 

NR 

200 ml of water with 235 mg 

aspartame (21 kJ, 5 kcal) or 

water with 1.2 g corn flour (21 

kJ, 5 kcal) in capsules 

60 1088 vs 1263 -175  

Rogers et 

al.
(136)      

(Exp. 2) 

15 5 M / 10 F 

19-24 y 

NW 

NR 

200 ml of water with 235 mg of 

aspartame (4 kJ, 1 kcal) or 

water with 235 mg corn flour (4 

kJ, 1 kcal) in capsules 

60 1329 vs 1467 -138  

Rogers et 

al.
(136)      

(Exp. 2) 

15 5 M / 10 F 

19-24 y 

NW 

NR 

200 ml of water with 470mg of 

aspartame (8 kJ, 2 kcal) or 

water with 235 mg corn flour (4 

kJ, 1 kcal) in capsules 

60 1317 vs 1467 -149  

Rogers et 

al.
(136)

 

16 6 M / 10 F  

20-37 y 

N=15, 

22.4, 

N=1, 52.2 

NR 

200 ml water with 400 mg 

aspartame (8 kJ, 2 kcal) or 400 

mg of cornflour (8 kJ, 2 kcal) in 

capsules 

  533 vs 485 -253  

Black et 

al.
(138)

 

18 18 M / 0 F 

19 y 

NW 

X 

280 ml of water with 340 mg 

aspartame in capsules (0 kcal) 

or water 

60 1885 vs 1721  165  

Rogers & 

Blundell
(140)

 

26 13 M / 0 F 

X 

NW 

X 

Aspartame (84 kJ, 20 kcal) or 

with 5.04 g alanine (84 kJ, 20 

60 

(aspartam

e)/ 105 

1103 vs 1330 -227 Between 

subjects,  
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LES 

capsules 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload 

to test 

meal 

interval 

(min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ 

cumulative 

intake 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

kcal) in capsules (alanine) n=13/group 

Rogers & 

Blundell
(140)

 

13 13 M / 0 F 

X 

NW 

X 

Aspartame 169 kJ, 40 kcal) or 

with 10.08 g alanine (169 kJ, 40 

kcal) in capsules 

105 1124 vs 1232 -108 Within subjects 

Rogers et 

al
(125)

 

12 6 M / 6 F 

18-30 y 

NW 

Non-

dieting 

50 ml water with 400 mg 

aspartame (8 kJ, 2 kcal) or 400 

mg of cornflour (8 kJ, 2 kcal) in 

capsules 

5 785 vs 792 -7  

Rogers et 

al.
(141)

 

12 6 M / 6 F 

18-30 y 

NW 

Non-

dieting 

50 ml water with 400 mg 

aspartame (8 kJ, 2 kcal) or 400 

mg of cornflour (8 kJ, 2 kcal) in 

capsules 

30 856 vs 814 42  

Rogers et 

al.
(141)

 

12 6 M / 6 F 

18-30 y 

NW 

Non-

dieting 

50 ml water with 400 mg 

aspartame (8 kJ, 2 kcal) or 400 

mg of cornflour (8 kJ, 2 kcal) in 

capsules 

60 705 vs 875 -170  

Rogers et 

al.
(142)

 

17 10 M / 7 F 

18-29 y 

Normal 

weight for 

height 

non-

dieting, 

NR 

 

450 mg AceK (0 kcal) vs 500 

mg cornflour (8 kJ, 2 kcal) in a 

capsule 

60 1033 vs 1045 -14  
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LES 

capsules 

 

Reference 

Sample 

size 

Gender, 

age (y) 

(mean, 

SD/SEM  

or range)  

Weight 

status,  

restraint 

status 

LES and comparison 

preloads 

Preload 

to test 

meal 

interval 

(min) 

Intake test 

meal (kcal),  

LES vs 

comparison 

∆ 

cumulative 

intake 

(kcal),  

LES minus 

comparison 

(kcal)  

Notes 

Rogers et 

al.
(142)

 

17 10 M / 7 F 

18-29 y 

Normal 

weight for 

height 

non-

dieting, 

NR 

500 mg aspartame (8 kJ, 2 

kcal) vs 500 mg cornflour (8 kJ, 

2 kcal) in a capsule 

60 948 vs 1045 -97  

Rogers et 

al.
(142)

 

17 10 M / 7 F 

18-29 y 

Normal 

weight for 

height 

non-

dieting, 

NR 

330 mg saccharin (0 kcal) vs 

500 mg cornflour (8 kJ, 2 kcal) 

in a capsule 

60 1028 vs 1045 -19  

Rogers et 

al.
(142)

 

17 10 M / 7 F 

18-29 y 

Normal 

weight for 

height 

non-

dieting, 

NR 

150 mg sucralose (0 kcal) vs 

500 mg cornflour (8 kJ, 2 kcal) 

in a capsule 

60 1021 vs 1045 -26  

EI, energy intake; LES, low energy sweetener; Δ, change (difference from baseline to last time point unless otherwise described) 
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Tables S12. Results of meta-regression analyses for the short-term intervention studies 

LES versus sugar 

Factor B P 95% CI 

Gender (ref = Female)    

Male 14.8 0.644 -49.0 to 78.6 

Mixed -10.3 0.754 -75.3 to 54.8 

Comparison preload (kcal) -0.46 <0.001 -0.63 to -0.30 

Preload to test meal time interval (ref = 0 mins)    

0 to 30 mins 87.4 0.032 7.9 to 166.9 

>30 to 60 mins 66.4 0.086 -9.7 to 142.4 

>60 mins 8.2 0.820 -63.7 to 80.1 

Year -2.8 0.045 -5.64 to -0.06 

Residual I
2
 = 69.2% 

Adjusted R
2
 = 47.8% 
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LES versus sugar (COMPX) 

Factor B P 95% CI 

Gender (ref = Female)    

Male 3.07 0.863 -32.4 to 38.6 

Mixed -16.7 0.366 -53.4 to 20.0 

Comparison preload (kcal) -0.04 0.348 -0.12 to 0.04 

Preload to test meal time interval (ref = 0 mins)    

0 to 30 mins 49.2 0.036 3.3 to 95.1 

>30 to 60 mins 44.4 0.053 -0.68 to 89.4 

>60 mins 9.2 0.663 -32.9 to 51.4 

Year -1.31 0.098 -2.86 to 0.25 

Residual I
2
 = 64.9% 

Adjusted R
2
 = 12.0% 
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LES versus unsweetened 

Factor B P 95% CI 

Gender (ref = Female)    

Male -99.0 0.233 -281.8 to 83.8 

Mixed 151.3 0.030 20.7 to 281.8 

Comparison preload (kcal) 0.66 0.042 0.03 to 1.30 

Preload to test meal time interval (ref = 0 mins)    

0 to 30 mins 216.3 0.071 -24.7 to 457.3 

>30 to 60 mins 44.3 0.554 -128.6 to 217.1 

>60 mins 27.4 0.719 -149.9 to 204.6 

Residual I
2
 = 61.2% 

Adjusted R
2
 = 58.6% 
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LES versus water 

Factor B P 95% CI 

Gender (ref = Female)    

Male 51.3 0.400 -72.1 to 174.8 

Mixed -34.3 0.431 -122.3 to 53.7 

Comparison preload (kcal) -3.4 0.827 -35.0 to 28.2 

Preload to test meal time interval (ref = 0 mins)    

0 to 30 mins 42.6 0.499 -85.0 to 170.3 

>30 to 60 mins 4.9 0.936 -119.2 to 128.9 

>60 mins 57.6 0.421 -87.2 to 202.4 

Residual I
2
 = 0.0% 

Adjusted R
2
 = 20.5% 
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LES versus nothing 

Meta-regression not undertaken due to the small number of studies. 

 

LES in capsules versus placebo capsules 

Factor B P 95% CI 

Gender (ref = Female)    

Male N/A N/A N/A 

Mixed -307.6 0.017 -524.6 to -90.7 

Comparison preload (kcal) -6.9 0.082 -15.1 to 1.4 

Preload to test meal time interval (ref = 0 mins)    

0 to 30 mins N/A N/A N/A 

>30 mins -146.9 0.012 -239.2 to -54.6 

Year 6.9 0.062 -0.56 to 14.3 

Residual I
2
 = 0.0% 

Adjusted R
2
 = 100.0% 
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Sensitivity analyses for short-term intervention studies 

Sensitivity analyses were conducted to determine the effect of replacing missing SDs with those from 

other studies (as detailed in the Supplementary Information (SI)). The results are shown in the Table 

below. They indicate that the summary effect estimates were not affected by using less conservative 

replacement SD values. Also, the summary effect estimates were not affected by excluding studies 

which did not report SDs. The inclusion of results from repeated measures on the same participants in 

the estimation of summary effects (as detailed in the SI) attenuated the summary effect estimates 

slightly towards the null, but did not affect the overall findings of the meta-analyses.  
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Table S13. Summary of sensitivity analyses for short-term intervention studies 
Main results: Imputation of missing SDs with maximum SDs 

Difference in total energy 

(overall) 

Sensitivity analyses 

Main results SA1 SA2 SA3 

LES vs sugar     

Summary ES -94 kcal -94 kcal -95 kcal -102 kcal 

95% CI -122 to -66 kcal -121 to -67 kcal -124 to -67 kcal -134 to -70 kcal 

Number of comparisons 68 68 62 118 

LES vs unsweetened     

Summary ES 21 kcal 22 kcal 18 kcal 12 kcal 

95% CI -41 to 83 kcal -30 to 73 kcal -56 to 93 kcal -29 to 52 kcal 

Number of comparisons 13 13 10 21 

LES vs water     

Summary ES -2 kcal -5 kcal 2 kcal -6 kcal 

95% CI -30 to 26 kcal -32 to 22 kcal -29 to 32 kcal -38 to 26 kcal 

Number of comparisons 35 35 30 57 

LES vs nothing  N/A* N/A*  

Summary ES 18 kcal   22 kcal 

95% CI -32 to 69 kcal   -32 to 77 kcal 

Number of comparisons 4   7 

LES in capsules  N/A* N/A*  

Summary ES -69 kcal   -77 kcal 

95% CI -140 to 3 kcal   -176 to 23 kcal 

Number of comparisons 9   13 

 

Difference in COMPX (overall) 

    

LES vs sugar     

Summary ES 50.5% 51.1% 50.4% 51.7% 

95% CI 39.0% to 62.0% 39.9% to 62.4% 38.7% to 62.2% 37.9% to 65.5% 

Number of comparisons 68 68 62 118 
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SA1: Imputation of missing SDs with mean SDs 
SA2: Exclusion of studies with no reported SDs 
SA3: Use of robust variance estimation to include repeated measures (where appropriate) 
*All studies reported SDs, therefore these sensitivity analyses were not undertaken 
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Table S14. Characteristics and results of sustained intervention studies comparing the effects on EI and/or anthropometric 

measures of LES versus sugar and LES versus water 
Reference Design, 

Location, n 

Subjects:  

M/F,mean age 

and BMI 

Intervention 

(nutritional 

characteristics) 

 

Duration and n at 

completion or follow-

up  

Blinding Energy intake  

(reported values) 

Anthropometric 

measures (reported 

values) 

*Kanders et 

al.
(8)

 

Parallel design 

n=59: 

LES (n=29) vs 

control with 

advice to avoid 

LES (n=30) 

 

 

USA 

13 M / 46 F,  

46 y, BMI 37 

 LES (aspartame) 

sweetened dairy 

products in place of 

unsweetened; 

encouraged to use LES 

table-top, soft drinks, 

desserts 

 

Control: advised to 

avoid LES.  

12 wk weight loss (3-

wk run-in before 

randomization to 

treatment) 

 

Completers n=55:  

LES 28, Control 27 

Not blinded  Not reported ΔBW wk 0-12 

LES: -7.9 kg 

control - 7.6 kg 

 

Δ %BW wk 0-12 

LES: -7.8% 

Control: -6.9% 

 

ΔBMI units wk 0-12 

LES: -2.9 

Control: -2.6 

 

Weighted mean 

combined both genders 

(data from n=54) 

Tordoff & 

Alleva
(17)

 

Cross-over 

design 

LES vs. 

sucrose vs. no 

beverage 

n=41 

randomized 

USA 

21 M/ 9 F, 

25 y, BMI 25.2 

(Completers 

only) 

4*300 ml soda/day: 

LES: 3 kcal/day 

SSB (sugar-control): 

530 kcal/d 

Control (no drink): No 

soda 

 

 

 

3 wk per treatment 

counterbalanced 

(9 wks in total) 

 

Completers n=30 

Covert for 

LES vs 

SSB 

EI 

LES: 2647 kcal/d 

SSB: 3175 kcal/d 

No-drink control: 2801 kcal/d 

Weighted mean combined 

both genders 

ΔBW 

LES: -0.28 kg 

SSB: +0.63 kg 

No-drink control: +0.19 

Weighted mean 

combined both genders  
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Reference Design, 

Location, n 

Subjects:  

M/F,mean age 

and BMI 

Intervention 

(nutritional 

characteristics) 

Duration and n at 

completion or follow-

up  

Blinding Energy intake  

(reported values) 

Anthropometric 

measures (reported 

values) 

Wolraich et 

al.
(18)

 

Cross-over 

design 

aspartame vs. 

saccharin vs. 

sucrose with 

pre-school (3-5 

yr) and primary 

school children 

(6-10 yr) 

n=58 

randomized 

M / F not 

reported,  

preschool 4.7 yr, 

primary school 

8.1 yr,  

weight status 

not reported 

Manipulated foods (a.o. 

fruit juice, cereals, 

pudding, yogurt, 

cookies, soft drinks) 

with 

Aspartame (Asp)  

Saccharin (Sacch) 

Sucrose (Sugar) 

3 wk per treatment 

counterbalanced 

(9 wks in total) 

 

Completers n=48:  

pre-school 25, primary 

school 23 

Covert, 

subjects 

blinded to 

treatments 

Mean EI 

Preschool children: 

LES (Asp): 1604 kcal/d 

LES (Sacch): 1587 kcal/d 

Sucrose: 1847 kcal/d 

 

Primary school children: 

LES (Asp): 1936 kcal/d 

LES (Sacch): 1980 kcal/d 

Sucrose: 2221 kcal/d 

 

Not reported 

Naismith & 

Rhodes
(10)

 

Experiment 2 

Parallel design 

LES vs sugar 

n=8 

8 M / 0 F, 

24 yr, BMI 21 

Experiment 2 only 

((n=8):  

LES: LES (aspartame, 

AceK) replaced sugar 

(equal to -451 kcal/d) 

Control: Sugar used or 

supplemented to wide 

range of 

foods/beverages 

 

 

 

 

 

 

10 d/treatment 

3 d run-in  

(= 23 d total) 

Completers n=8 

Covert,  

subjects 

blinded to 

treatments 

(foods 

provided in 

metabolic 

ward) 

ΔEI 

LES vs sugar: -297 kcal  

%ΔBW vs baseline 

Overall mean LES vs 

sugar:  

-0.051 kg  
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Reference Design, 

Location, n 

Subjects:  

M/F,mean age 

and BMI 

Intervention 

(nutritional 

characteristics) 

Duration and n at 

completion or follow-

up  

Blinding Energy intake  

(reported values) 

Anthropometric 

measures (reported 

values) 

*Blackburn et 

al.
(6)

 

Parallel design 

n=163: 

LES (n= 82) vs 

control with 

caloric 

sweeteners 

(n=81). 

 

USA 

0 M / 163 F, 

42 y, BMI 37 

LES: Aspartame 

products during active 

weight loss, 

encouraged to use LES 

during follow-up 

 

Control: Use of LES 

products or substitution 

discouraged  

3 wk run-in, 16 wk 

weight loss (wks 4-19), 

follow-up at weeks 71 

and 175.  

Wk 19: n=139 (LES 

71, Control 65) 

 

Wk 71: n=125 (LES 

61, Control 64) 

 

Wk 175: n=83 (LES 

42, Control 41) 

 

 

 

 

Blinding of 

subjects 

not 

possible  

ΔEI wk 0-71:  

LES: -2.45 MJ/d 

(-585 kcal/d) 

Control: -1.90 MJ/d 

(-454 kcal/d) 

 

ΔEI wk 19-71: 

LES: +0.73 MJ/d(+174 

kcald/d) 

 

Control: +0.95 MJ/d(+227 

kcal/d) 

 

Wk 175: EI not reported 

 

 

 

 

 

 

ΔBW wk 0-175:  

LES: -5.1 kg 

Control: 0 kg (reported as 

'no net change') 

 

ΔBW wk 19-175: 

LES: +5.4 kg 

Control: +9.4 kg 

Intention-to-treat analysis 

per study phase (weight 

loss or maintenance) 
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Reference Design, 

Location, n 

Subjects:  

M/F,mean age 

and BMI 

Intervention 

(nutritional 

characteristics) 

Duration and n at 

completion or follow-

up  

Blinding Energy intake  

(reported values) 

Anthropometric 

measures (reported 

values) 

*Raben et 

al.
(13)

 

Parallel design 

LES vs 

sucrose 

n=41 

 

Denmark 

6 M / 35 F, 

35 y, BMI 27.8 

LES: food and drinks 

with LES 

 

Control: similar food 

and drinks with sucrose 

 

Target: to replace 

2g/kg/d sucrose with 

LES (54% aspartame, 

22% AceK, 23% 

cyclamate, 1% 

saccharin)  

 

70% substituted via 

drinks, 30% via foods 

10 wk 

 

Completers n:  

LES 20, Sucrose 21 

Covert, 

Subjects 

blinded to 

treatments 

ΔEI 

LES: -0.44 MJ/d 

(-105 kcal/d) 

Sucrose: +1.71 MJ/d 

(+408 kcal/d) 

ΔBW 

LES: -1.0 kg 

Sucrose: +1.6 kg 

 

Δfat mass  

LES: -0.7 kg 

Sucrose: +1.3 kg 

 

Δlean mass 

LES: -0.3 kg 

Sucrose: +0.3 kg 

*Reid et al.
(14)

 Parallel design 

LES vs SSB 

n=161 

randomized  

 

UK 

0 M / 133 F, 

32 y, BMI 22.5  

(Completers) 

4 x 250 ml drinks/d 

sweetened with 

aspartame or sucrose 

 

LES: 0.07 MJ/d 

Control: 1.8 MJ/d 

4 wk, 

1 wk baseline 

(5 wk in total) , 

 

Completers n=133  

(Correctly informed: 

LES 33, sucrose 33;  

Misinformed LES 32, 

sucrose 35) 

 

Subjects 

'correctly 

informed' 

or 'mis-

informed' 

ΔEI 

LES: -0.39 MJ/d 

(-93 kcal/d) 

SSB: +0.79 MJ/d 

(+189 kcal/d) 

ΔBW  

LES: -0.37 kg 

SSB: +0.08 kg 

 

Data from correctly 

informed subjects only, 

provided by authors 
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Reference Design, 

Location, n 

Subjects:  

M/F,mean age 

and BMI 

Intervention 

(nutritional 

characteristics) 

Duration and n at 

completion or follow-

up  

Blinding Energy intake  

(reported values) 

Anthropometric 

measures (reported 

values) 

*Njike et al.
(11)

 

 

Cross-over 

design 

LES cocoa vs 

SSB cocoa 

comparison 

n=37 

USA 

6 M / 31 F,  

52 y, BMI 30.3 

2/d cocoa beverage 

with LES (90 kcal/d) or  

sugar control (460 

kcal/d) 

 

6 wk/treatment, 

4 wk washouts 

(26 wks in total) 

 

Completers n:  

LES 32, Control 33 

Double-

blind, 

covert 

Mean EI 

LES: 1779 kcal/d 

SSB: 1991 kcal/d 

ΔBW  

LES: 0.0 kg 

SSB: +0.2 kg  

 

ΔBMI 

LES: 0.0 

SSB: +0.1 

 

Δ waist circumf.  

LES: -1.8 cm 

SSB: -1.3 cm 

*Reid et al.
(122)

 Parallel design 

LES vs SSB 

n=71 

randomized 

 

UK 

0 M / 71 F, 

34 y, BMI 27.5  

with history of 

dieting 

 

4*250 ml drinks 

sweetened with 

aspartame (0.07 MJ/d) 

or sucrose (1.8 MJ/d) 

4 wk, 

1 wk baseline 

(5 wk in total)  

 

Completers n=53: 

LES 29, sucrose 24 

Subjects 

'correctly 

informed' 

or 'mis-

informed' 

ΔEI  

LES: -0.67 MJ/d 

(-160 kcal/d) 

SSB: -0.14 MJ/d 

(-33 kcal/d) 

ΔBW  

LES: 0.08 kg 

SSB: +0.57 kg 

 

Data provided by authors 

*Maersk et 

al.
(9)

 

LES v SSB 

comparison 

Parallel design 

LES vs SSB 

n=22 

 

Denmark 

9 M / 13 F 

39 y, BMI 32.1 

 

LES: 1 L/d of LES cola 

(45 kcal/d) 

 

Control: 1 L/d of SSB 

cola (430 kcal/day) 

6 months 

Completers n=22: 

LES 12, SSB 10 

Covert,  

subjects 

‘blind’ to 

treatments 

Not reported %ΔBW vs baseline 

LES: +0.114%  

SSB: +1.28%  

 

Δfat mass vs baseline 

LES: -0.052 kg 

SSB: +3.14 kg 
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Reference Design, 

Location, n 

Subjects:  

M/F,mean age 

and BMI 

Intervention 

(nutritional 

characteristics) 

Duration and n at 

completion or follow-

up  

Blinding Energy intake  

(reported values) 

Anthropometric 

measures (reported 

values) 

 *Maersk et 

al.
(9)

 

LES v Water 

comparison 

Parallel design 

LES vs water  

n=25 

 

Denmark 

8 M / 17 F 

39 y, BMI 32.6 

LES: 1 L/d of LES cola 

(45 kcal/d) 

 

Control: 1 L/d of water 

(0 kcal/d) 

Completers n=22: 

LES 12, water 13 

Subjects 

‘blind’ to 

treatments 

Not reported %ΔBW vs baseline 

LES: +0.114%  

Water: +0.576%  

 

Δfat mass vs baseline 

LES: -0.052 

Water: +0.49 kg 

*De Ruyter et 

al.
(7)

 

Parallel design 

n=641:  

LES (n=319) 

vs SSB 

(n=322) 

 

Netherlands 

340 M / 301 F, 

8 y, BMI z-score 

0.03  

(SD units vs. 

national mean)  

Once 250 ml/d drinks 

with LES  

(34 mg sucralose/12 

mg AceK) vs. 

control with sucrose. 

 

LES: 0 kcal/d 

SSB: 104 kcal/d 

 

 

 

 

 

 

 

 

18 months  

Completers n=477: 

LES 225, SSB 252 

 

Double-

blind 

Not reported ΔBMI z-score 

LES: +0.02 

SSB: +0.15 

 

ΔBW 

LES: +6.35 kg, 

SSBl: +7.37 kg 

 

Data for completers and 

imputed for non-

completers 
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Reference Design, 

Location, n 

Subjects:  

M/F,mean age 

and BMI 

Intervention 

(nutritional 

characteristics) 

Duration and n at 

completion or follow-

up  

Blinding Energy intake  

(reported values) 

Anthropometric 

measures (reported 

values) 

*Tate et al.
(16)

 

CHOICE trial  

LES v SSB 

comparison 

Parallel design 

n=210: 

Substituting 

SSB with LES 

(n=105) vs 

control (n=105, 

no specific 

substitution) 

USA 

38 M/ 172 F, 41 

yr, BMI 36.2, 

consuming ≥280 

kcal/d from 

beverages  

Substitute ≥2 

servings/d (≥200 kcal/d) 

of SSB with LES vs 

‘dietary advice’ with no 

specific beverage 

advice or intervention in 

a weight control 

program 

6 months  

Completers n=181: 

LES 93, SSB 88 

 

 

 

6 months 

Completers n=184: 

LES 93, water 91 

Blinding of 

subjects 

not 

possible 

 

 

 

 

Blinding of 

subjects 

not 

possible 

ΔEI 

LES: -658 kcal/d 

SSB: -581 kcal/d 

ΔBW 

LES: -2.6 kg 

SSB: -1.9 kg 

 

Δwaist circumference 

LES: -2.1 cm 

SSB: -2.1 cm 

Intention-to-treat analysis 

*Tate et al.
(16)

 

 CHOICE trial  

LES v Water 

comparison 

Parallel design 

n=213: 

substituting 

SSB with LES 

(n=105) vs 

water (n=108) 

USA 

 

 

 

 

 

 

 

35 M/ 178 F,  

42 yr,  

BMI 35.8,  

consuming ≥280 

kcal/d from 

beverages 

Substitute ≥2 

servings/d (≥200 kcal/d) 

of caloric beverages 

with LES vs water in a 

weight control program 

ΔEI 

LES: -658 kcal/d 

Water: -532 kcal/d 

ΔBW 

LES: -2.6 kg 

Water: -1.9 kg 

 

Δwaist circumference 

LES: -2.1 cm 

Water: -2.0 cm 

Intent to treat analysis 
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Reference Design, 

Location, n 

Subjects:  

M/F,mean age 

and BMI 

Intervention 

(nutritional 

characteristics) 

Duration and n at 

completion or follow-

up  

Blinding Energy intake  

(reported values) 

Anthropometric 

measures (reported 

values) 

*Peters et 

al.
(12)

 

Parallel design 

n=303:  

LES (n=154) 

vs water 

(n=149) 

 

USA 

255F/48M, 

48 yr, BMI 33.7, 

consuming at 

least 3 LES 

beverages per 

week 

Intervention carried out 

within a behavioral 

weight loss treatment 

program 

LES: Counselled to 

consume ≥24 US 

ounces (710 ml) LES 

beverages per day 

Water: Same but water 

(and avoid LES 

beverages) 

12 weeks  

Completers n=279: 

LES 145, water 134 

 

Blinding of 

subjects 

not 

possible 

Not reported ΔBW 

LES: -5.95 kg, 

Water: -4.09 kg 

Δwaist circumference 

LES: -5.73 cm 

Water: -4.36 cm 

Intention-to-treat analysis 

 

 

 
* - included in the meta-analysis 
SSB = sugars-sweetened beverages (includes pure fruit juice) 
LES = low energy sweetener 
Δ = Change (difference from baseline to last time point unless otherwise described) 
EI = Energy intake 
BW = Body Weight, kg 
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Table S15. Results of meta-regression analyses for the sustained intervention studies 
Factor B P 95% CI 

Length of follow-up (months) -0.09 0.179 -0.25 to 0.07 

Gender (ref = Female)    

Male N/A N/A N/A 

Mixed 1.08 0.484 -3.25 to 5.42 

Weight category (ref = Normal weight)    

Overweight -1.36 0.376 -5.52 to 2.81 

Obese -1.01 0.538 -5.67 to 3.64 

Residual I
2
 = 87.0% 

Adjusted R
2
 = 40.7% 
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Table S16. Summary of sensitivity analyses for sustained intervention studies 
 Sensitivity analyses 

Main results SA1 SA2 

LES vs sugar    

Summary ES -1.35 kg -1.32 kg -1.43 kg 

95% CI -2.28 to -0.42 kg -2.23 to -0.42 kg -2.41 to -0.45 kg 

Number of studies 9 9 8 

Main results: Imputation of missing SDs with maximum SDs 

SA1: Imputation of missing SDs with mean SDs 

SA2: Exclusion of studies with no reported SDs 

 
 
Sensitivity analyses were conducted to examine the influence of using imputed missing SDs on the 

overall effect estimates. The results are summarised in the Table below. They revealed only negligible 

differences between the magnitude of estimates from the main analyses and those from the sensitivity 

analyses, and no difference in direction of effect. This suggests that the imputed SDs did not 

substantially alter the results of the analysis. 
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Table S17. Summary of risk of bias assessments for the sustained intervention studies 
 

 

+ / - / ? = Assessed that criterion has been met (+) / not met (-) / could not be determined (?) 
a 

Not possible due to nature of intervention  
b 

No intention-to-treat (ITT) analysis but dropouts <10% of randomized population 
c 
No ITT analysis but dropouts >10% of randomized population  

d 
No registered protocol, but the list in methods includes the variables relevant to energy balance (potential to explain 
group differences), and all are reported in outcomes. It is conceivable other variables were measured, but these are 
unlikely to be a source of bias for EI or BW outcomes. 

e 
It is conceivable that other variables (e.g. body weight) were measured and not reported 

f 
Relevant outcomes for energy balance reported as per registered protocol 

g 
Complete for relevant outcomes but DEXA data were not used and the measurement of energy metabolism in a 
subset of participants is not reported but described in a later paper 

h 
Body weight numerical data not reported but accessed from authors 

I 
Described as “single blind” but does not explicitly state who was blinded 

j 
Attrition imbalanced between groups, missing values not imputed 

k 
ITT on all analyses except blood pressure and glucose 

l 
Group leaders recording outcomes were likely to be aware of assignment  
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Kanders et al.
(8)

  ?  ?  -
a
  -

a
  ?  +

b
  ? 

Tordoff & Alleva
(17)

  ?  ?  +  ?  ?  -
c
  +

d
 

Wolraich et al.
(18)

  +  +
f
  +  +  +  -

f
  ?

e
 

Naismith & Rhodes
(10)

  ?  ?  +  -
a
  ?  +  +

d
 

Blackburn et al.
(6)

  +  ?  -
a
  -

a
  ?  +  +

d
 

Raben et al.
(143)

  ?  ?  -
a
  -

a
  ?  +  +

d,g
 

Reid et al.
(14)

  ?  ?  -  ?  ?  -
c
  +

h
 

Nijke et al.
(11)

  +  ?  +  +  +  +  + 

Reid et al.
(15)

  ?  ?  -  ?
i
  ?

i
  -

c
  +

h
 

Maersk et al.
(9)

   ?  ?  -
a
  -  ?  -

j
  +

f
 

de Ruyter et al.
(7)

   +  +  +  +  +  +  +
f
 

Tate et al.
(16)

  +  +  -
a
  ?

i
  ?

i
  +

k
  +

f
 

Peters et al.
(12)

  +  ?  -
a
  -  -

l
  +  +

f
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Table S18. Summary of methodological quality assessment for sustained intervention studies 

 

Y = yes, N = No, NR= not reported, NA= not applicable, ? = unclear 

a
Control group had lower LES intake at baseline 

b
Feasibility trial, no power calculation applicable 

c
Not reported by treatment (sucrose and LES) group 

d
Fell below sample size calculation 

e
Unequal distribution of genders across treatments 

f
Slight difference in parental levels of education 

g
Powered for n=150 per group but fell to n=149 in water group 
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Kanders et al.
(8)

 Y
a
 NA

b
 NA Y/Y Y/Y   

Tordoff & Alleva
(17)

 NA NR NR Y/NA Y/NA   

Wolraich et al.
(18)

 NA NR NR Y/NA Y/NA   

Naismith & Rhodes
(10)

 NA NR NR NA NA   

Blackburn et al.
(6)

 Y Y ? Y/Y Y/N   

Raben et al.
(13)

 Y NR NR NR NR   

Reid et al.
(14)

 ?
c
 Y ? Y/N Y/N   

Nijke et al.
(11)

 Y Y ? Y/Y Y/Y   

Reid et al.
(15)

 Y Y N
d
 N/N N/N   

Maersk et al.
(9)

 N
e
 NR NR Y/Y N/N   

de Ruyter et al.
(7)

  Y
f
 Y Y Y/Y Y/Y   

Tate et al.
(16)

 Y Y NR Y/Y N/N   

Peters et al.
(12)

 Y Y N
d,g

 Y/Y N/N   
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Comparison of the present review with Miller and Perez(144) 

Miller and Perez(144) also reviewed prospective cohort and sustained intervention studies on LES 

and body weight. They did not review relevant evidence from animal studies, or from short-term 

intervention studies on effects of LES on food intake. With respect to the prospective cohort and 

sustained intervention studies there are differences in the data or studies included in our review and 

Miller and Perez’s review as summarized below in Tables S19 and S20. 

 

Table S19. Prospective cohort studies that differed in inclusion/exclusion between the 

present review and the review by Miller and Perez(144) 
Study 

 

Present 

review 

Miller and 

Perez  

Comments 

Chen
(26)

 Included Not included  

Colditz
(145)

 Excluded Included Excluded as Pan et al included a more recent and 

detailed analysis of this cohort 

Duffey
(27)

 Included Not included  

Johnson
(146)

 Excluded Included Excluded as less than 500 subjects  

Ludwig
(28)

 Included Not included  

Newby
(147)

 Excluded Included Excluded as follow up less than one year 

Pan
(22)

 Included Not included  

Parker
(148)

 Excluded Included Excluded as less than 500 subjects  

Schulze
(149)

 Excluded Included Excluded as Pan et al included a more recent and 

detailed analysis of this cohort 

Striegel- Moore
(23)

 Included Not included  

Vaneslow
(30)

 Included Not included  
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Table S20. Sustained intervention studies that differed in inclusion/exclusion between the 

present review and the review by Miller and Perez(144).  

 
In addition, Peters et al.

(12)
 in the present review was published after the Miller and Perez

(144)
 cut-off date. 

Study 

 

Present 

review 

Miller and 

Perez  

Comments 

Knopp
(150) 

 Excluded Included in 

meta-analysis 

Aspartame versus lactose capsules. While relevant to 

understanding mechanisms, we excluded on the 

grounds that this is not how LES are consumed in the 

diet. 

 

Tordoff and 

Alleva
(17)

 

 

Included in 

narrative 

section only 

 

Included in 

meta-analysis 

 

Below our cut-off duration of 4 weeks for inclusion in 

meta-analysis 

 

Naismith and 

Rhodes
(10)

 

 

Included in 

narrative 

section only 

 

Excluded 

 

Below Miller and Perez’s cut-off duration of 2 weeks 

and our cut-off duration of 4 weeks for inclusion in 

meta-analysis 

 

Blackburn et al.
(6)

 

 

Week 175 

results 

included in 

meta-analysis 

 

Week 19 

results 

included in 

meta-analysis 

 

This study had an active weight loss period of 19 

weeks with follow-ups at weeks 71 and 175. 

Participants were advised to continue their intervention 

throughout. We included the data for the last available 

intervention measurement as per our protocol. 

 

Gatenby et al.
(151)

 

 

Excluded 

 

Included in 

meta-analysis 

 

Participants were advised to reduce sugar intake in 

general, and not only through replacement with LES 

 

Gostner et al.
(152)

 

 

Excluded 

 

Included in 

meta-analysis 

 

Sweetener investigated was isomalt, which has an 

energy value of 2.1 kcal/g and approximately half that 

of sucrose, so not a LES by our definition 

 

Ebbeling et 

al.
(153,154)

 

 

Excluded 

 

Included in 

meta-analysis 

 

These were mixed interventions. Participants were 

offered LES or water (versus sugar-sweetened 

beverages), and these were not separated in the 

analyses 
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Figure S1. Funnel plot of prospective cohort studies reporting information on association 

between LES consumption and body weight status change. 
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Figure S2. Forest plot of short-term intervention studies comparing the effects on EI of LES 

versus sugar in children and in adults.  
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Difference in total EI is the difference in cumulative EI (preload plus test meal) for the LES condition 
minus the sugar condition. Squares represent mean difference in EI for the individual comparisons; 
square size is proportional to the weight of each comparison; horizontal lines represent 95%CIs; 
diamonds represent the summary estimates and 95%CIs from random effects models for comparisons in 
children and adults separately and for all of the comparisons.   
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Figure S3. Forest plot of short-term intervention studies comparing the effects on COMPX of 

LES versus sugar in children and in adults.  
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COMPX is (EI in test meal after LES minus EI in test meal after sugar) / (EI from sugar preload minus EI 
from LES preload) expressed as percentage. Squares represent mean COMPX for the individual 
comparisons; square size is proportional to the weight of each comparison; horizontal lines represent 
95%CIs; filled diamonds represent the summary estimates and 95%CIs from random effects models for 
comparisons in children and adults separately and for all of the comparisons. The two reference lines 
represent no compensation (0%, i.e., the amount eaten in the test meal is the same after the LES and 
the sugar preloads), and full compensation (100%, i.e., the amount eaten in the test meal is greater after 
the LES preload than after the sugar preload and that greater amount equals the energy difference 
between the sugar and LES preloads).  
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Figure S4. Forest plot of short-term intervention studies comparing the effects on EI of LES-

sweetened versus unsweetened products.  

Difference in total EI is the difference in cumulative EI (preload plus test meal) for the LES condition 
minus the unsweetened condition. Squares represent mean difference in EI for the individual 
comparisons; square size is proportional to the weight of each comparison; horizontal lines represent 
95%CIs; the filled diamond represents the summary estimates and 95%CIs from random effects models 
for all of the comparisons.  
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Figure S5. Forest plot of short-term intervention studies comparing the effects on EI of LES 

versus water.  

Difference in total EI is the difference in cumulative EI (preload plus test meal) for the LES condition 
minus the water condition. Squares represent mean difference in EI for the individual comparisons; 
square size is proportional to the weight of each comparison; horizontal lines represent 95%CIs; the 
filled diamond represents the summary estimates and 95%CIs from random effects models for all of the 
comparisons.  
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Figure S6. Forest plot of short-term intervention studies comparing the effects on EI of LES 

versus nothing. 

Difference in total EI is the difference in cumulative EI (preload plus test meal) for the LES condition 
minus the nothing condition. Squares represent mean difference in EI for the individual comparisons; 
square size is proportional to the weight of each comparison; horizontal lines represent 95% CIs; the 
filled diamond represents the summary estimates and 95% CIs from random effects models for all of the 
comparisons.  
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Figure S7. Forest plot of short-term intervention studies comparing the effects on EI of LES in 

capsules versus placebo capsules.  

Difference in total EI is the difference in cumulative EI (preload plus test meal) for the LES condition 
minus the placebo condition. Squares represent mean difference in EI for the individual comparisons; 
square size is proportional to the weight of each comparison; horizontal lines represent 95% CIs; the 
filled diamond represents the summary estimates and 95% CIs from random effects models for all of the 
comparisons.  
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Figure S8. Funnel plots of short-term intervention studies comparing the effects on EI of LES 

versus sugar (for adults and children separately). 

LES-sweetened versus unsweetened products, LES versus water, LES versus nothing and LES in capsules 
versus placebo capsules. Mean difference is the difference in cumulative EI (preload plus test meal) for 
the LES condition minus the comparison condition.  
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Figure S9. Funnel plots of sustained intervention studies comparing the effects on BW of LES 

versus sugar and LES versus water.  

Mean difference is weight change in kg (end point minus baseline) in the LES condition minus weight 
change in the water condition over the intervention period. 
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