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HOMA-%B: Homeostatic Model Assessment for Beta-cell function  

HOMA-%S: Homeostatic Model Assessment for Insulin Sensitivity  

HOMA-IR: Homeostatic Model Assessment for Insulin Resistance 

ICTRP: WHO International Clinical Trials Registry Platform  
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PYY: Polypeptide Tyrosine Tyrosine 
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ABSTRACT  1 

Background: Aspartame (L-α-aspartyl-L-phenylalanine methyl ester) has been implicated in 2 

increased risk for several chronic health conditions, yet underlying mechanisms remain unclear. 3 

Objective: To systematically identify and summarize all controlled intervention studies investigating 4 

effects of aspartame consumption on glucose, insulin and appetite-related hormone responses. 5 

Methodology: Five academic databases, four trial registries, and additional resources were searched 6 

until June 2024. Search hits were screened, in duplicate, for intervention studies of aspartame versus 7 

comparator, which assessed glucose, insulin and/or any other appetite-regulating hormone. Results 8 

were tabulated, and meta-analyses run where ≥10 studies with similar methodology were found. Risk 9 

of bias was assessed using RoB-2. Certainty of the evidence was assessed using GRADE.   10 

Results: 101 articles were identified, detailing 100 experiments: 79 acute (<1 day), 8 medium-term 11 

(2-30 days), 13 long-term (>30 days). Experiments involved healthy adults, individuals with 12 

aspartame sensitivity and individuals with compromised glucose metabolism, varied widely in 13 

aspartame provision and comparator/s, and while almost all assessed glucose and/or insulin responses, 14 

few experiments investigated other appetite-regulating hormones. Meta-analyses (acute cross-over 15 

studies) revealed few effects of aspartame on blood glucose/insulin compared with vehicle or low-16 

calorie-sweeteners (LCS), and lower blood glucose/insulin levels compared with sugars, other 17 

carbohydrates or nutritive elements. Over the medium- and long-term, few effects of aspartame were 18 

found, and high heterogeneity between studies remained. Similar effects were found in other 19 

populations, and other outcomes, with few adverse events. Risk of bias assessments suggested ‘some 20 

concerns’ for the majority of studies. The certainty of the evidence for all outcomes in all populations 21 

was judged to be ‘very low’.  22 

Conclusions: Our findings suggest little to no effects of aspartame consumption on glucose 23 

metabolism over the short- or longer-term. Further studies over the longer-term, assessing a range of 24 

appetite-regulating hormones, and comparing aspartame with other LCS would be of value.  25 

Protocol Registration: PROSPERO:CRD42024540781, 29.04.24. 26 

 27 
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Keywords: Aspartame, E951, low-calorie sweeteners, non-nutritive sweeteners, glucose, insulin, 28 

appetite-regulating hormones, energy intake, appetite, adverse events  29 

 30 

Statement of significance: While the health impacts of aspartame consumption remain controversial, 31 

this work identified 100 experiments investigating the effects of aspartame consumption on glucose, 32 

insulin and other appetite-regulating hormone responses. Little to no effects of aspartame were found 33 

over the short- or long-term, with no contra-indications for health.  34 
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1. INTRODUCTION  35 

A high consumption of free sugars is associated with increased energy intake, raising the risk for 36 

overweight, obesity, and various chronic conditions, including type 2 diabetes, cardiovascular disease 37 

and metabolic syndrome (1,2). Given these associations, the World Health Organization (WHO) 38 

currently recommends limiting free sugar intakes to 10% of total energy intake (2), with added health 39 

benefits if consumption is reduced below 5% (2). One strategy for reducing free sugar intakes is food 40 

and drink reformulation (2,3,4). Whether for financial (4) or consumer-orientated reasons (5), 41 

reformulation involves reducing the sugar content of food and drink products (3-6); an action 42 

achieved by many food manufacturers through increased use of low-calorie sweeteners (LCS) (4,6).  43 

LCS provide the pleasure of sweet taste in the absence of or for a much reduced use of sugars 44 

(7,8), allowing manufacturers to retain the desirable sweet taste of foods and drinks traditionally high 45 

in free sugars (9), while reducing their sugar content. LCS are commonly recognised as safe (10,11), 46 

widely used within the food industry (10,11), and recent reviews suggest benefits for reducing energy 47 

intake and body weight, when compared with the consumption of sugar (12-14). Over the long-term 48 

and for chronic health conditions, however, benefits of LCS consumption are less clear. LCS 49 

consumption has been associated with increased risk for obesity, several metabolic conditions (13,15-50 

19), and some other adverse events (19-21), although the evidence available is limited and largely 51 

stems from cohort studies, that can suffer from bias (13,19).  52 

Effects of LCS on energy intake and body weight are considered to result from the reduced 53 

energy content of LCS when compared with sugar (12-14); a feature of all LCS (7,8). Effects on other 54 

health conditions, however, are thought to result, at least in part, from disruptions to sugar and sweet 55 

food metabolism, including effects on blood glucose, as achieved via the actions of a number of 56 

appetite-regulating hormones (18,19). While all LCS provide sweet taste for reduced energy, for 57 

effects on metabolism, consideration of the differing physiological actions of differing LCS may be 58 

required. Differing LCS have different chemical structures resulting in different physiological 59 

activities, both within and beyond the oral cavity (19,22,23).  60 

One of the most commonly used LCS is aspartame (L-α-aspartyl-L-phenylalanine methyl 61 

ester) (7,24); a LCS known to be entirely metabolized on consumption by the human digestive system 62 
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(22,23). Aspartame is a chemical LCS, approximately 200 times sweeter than sucrose, recognized as 63 

safe as a food additive (E951), for use in a variety of foods and beverages such as drinks, desserts, 64 

sweets, dairy products, chewing gum, low-calorie and weight control products, and as a table-top 65 

sweetener (25-27).  Following consumption, aspartame is broken down into methanol, aspartic acid 66 

and phenylalanine (22,23), each of which is then metabolized as from other dietary sources (22,23). 67 

Considering this complete breakdown to metabolites that are also found elsewhere in the diet, 68 

metabolic effects as a result of aspartame, as an LCS, may seem unlikely. Some studies, however, 69 

suggest differing effects, for a range of health outcomes, from aspartame consumption compared to 70 

those of other LCS (20,28), and controversy over aspartame use continues (7,24,29,30).  71 

This work aimed to investigate the effects of aspartame on glucose responses, insulin 72 

responses and responses in any other appetite-regulating hormone. Reviews on LCS as a group, 73 

suggest few systematic differences in the effects of different LCS on appetite and/or hormone 74 

responses (18,23,31-33), but few studies for each individual LCS are typically included. More recent 75 

reviews have focussed on individual LCS, including aspartame (34,35), but few studies have 76 

contributed to these. Given the limited number and nature of the studies in these reviews, conclusive 77 

findings are difficult to draw.  78 

This work aimed to systematically identify and summarize all controlled intervention studies 79 

investigating the effects of aspartame consumption on glucose, insulin and appetite-related hormone 80 

responses. Simultaneous effects on appetite, energy intake and adverse events were also considered, 81 

where these were measured. 82 

 83 

2. METHODS  84 

This systematic review with meta-analyses followed the Preferred Reporting Items for Systematic 85 

reviews and Meta-Analyses (PRISMA) statement (36). Objectives, eligibility criteria, and methods for 86 

analysis were specified and registered in advance on PROSPERO: registration ID: CRD42024540781, 87 

registration date: 29.04.24 (37). We adhered to our registered protocol in all respects, with the 88 

following exceptions: searches for unpublished works were not undertaken; for assessments of Risk of 89 

Bias, we used the Cochrane Collaboration Risk of Bias 2 tool (38), rather than the original Cochrane 90 

Jo
urn

al 
Pre-

pro
of



8 
 

Collaboration Risk of Bias criteria (39); in addition to assessments of risk of bias, assessments of the 91 

certainty of the evidence were undertaken using the GRADE (Grading of Recommendations 92 

Assessment, Development and Evaluation) approach (40,41); and meta-analyses were undertaken 93 

only where at least ten comparable studies were available, as detailed below.    94 

 95 

2.1. Searches 96 

Systematic searches intended to identify all articles investigating the effects of aspartame on glucose, 97 

insulin and appetite-regulating hormone responses. Five academic databases were searched: PubMed, 98 

Medline, CINAHL, Web of Science and the Cochrane Library; four trial registries: clinicaltrials.gov, 99 

the WHO International Clinical Trials Registry Platform (ICTRP), the Australian and New Zealand 100 

Clinical Trials Registry (ANZCTN), and the ISRCTN registry; and all publicly available EFSA and 101 

FDA submissions for regulatory purposes. For academic databases, one search string was used, 102 

composed of terms relating to aspartame combined with (AND) terms relating to glucose, insulin and 103 

appetite-regulating hormones. Terms were searched for in ‘title’ and ‘abstract’ fields, over all years of 104 

records. The detailed search strategy is presented in the Supplementary Materials. Trials registries and 105 

EFSA and FDA databases were searched using only the search terms related to aspartame, and were 106 

again searched over all years of records. Searches were set to include conference proceedings, 107 

conference abstracts, book chapters and any other type of publication, and were not limited by 108 

language, but were limited to ‘humans’, where this restriction was permitted. 109 

Database searches were supplemented by searching reference lists of published review 110 

articles and all included articles, for any study that may have been missed. Our searches aimed to 111 

identify as many articles, and as much data, as possible, of relevance to our research questions. 112 

 113 

2.2. Study Inclusion 114 

Inclusion and exclusion criteria for studies to be included in the review were developed based on 115 

PICO (population, intervention, comparator, outcomes) criteria, with additional information on study 116 

design. For each category: 117 
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Population: We included studies involving human participants of any age, gender, or ethnicity, 118 

who were healthy, with overweight or obesity, or with impaired glucose metabolism (i.e. prediabetes, 119 

diabetes type 1 or 2, impaired glucose tolerance). Studies of individuals with medical or clinical 120 

conditions, other than those related to glucose metabolism, were not included. 121 

Intervention / Exposure: We included studies involving all types of aspartame consumption – 122 

alone, in water, in conjunction with other nutrients or foods, in combination with other LCS, in tablet 123 

or capsule form. We included studies using any dose, including if dose was unspecified, any pattern of 124 

consumption, e.g., single or repeated exposure, and whether aspartame was included in the original 125 

study as the intervention or comparator. Studies were included only if use of aspartame was confirmed 126 

by authors if this was unclear from the publication, e.g., some experiments described use of a LCS-127 

sweetened drink without detailing the specific LCS in the original publication. We excluded studies 128 

where consumption of aspartame could not be confirmed. Studies were included regardless of 129 

duration of the exposure, and regardless of repetition. 130 

Comparator: Comparator arms must have used the same vehicle without inclusion of 131 

aspartame, without the inclusion of aspartame with an alternative LCS, or without the inclusion of 132 

aspartame with a caloric sweetener or other nutritive element (e.g., sucrose, glucose, or any sugar 133 

alcohol, including the glucose provided for an oral glucose tolerance test), with assessments reported 134 

over the same time frame or at the same time points, as for the aspartame arm. In acute closely 135 

controlled settings, studies were included only if other aspects of the intervention that may influence 136 

physiological responses were controlled, including nutritive components, beverage flavourings, and 137 

outcome assessment patterns; we excluded studies where the aspartame condition and comparator 138 

condition differed by more than the aspartame. For longer-term studies conducted in real-world 139 

settings, small differences between intervention and comparator, e.g. beverage flavourings, were 140 

permitted, to more accurately reflect the real-world scenario. Longer-term studies were excluded if 141 

differences between the aspartame condition and comparator condition were known to influence 142 

digestive responses, e.g. where an aspartame-sweetened beverage was compared with a milk 143 

beverage, or a multi-vitamin beverage.    144 
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Outcomes: Primary outcomes of interest were glucose responses, insulin responses, and other 145 

appetite-regulating hormone responses, and outcomes must have been assessed using objective, 146 

validated measures. Studies were excluded from the review if they did not measure glucose responses 147 

or any appetite-regulating hormone, or if they did not assess these using objective validated measures. 148 

Secondary outcomes were energy intake, appetite (e.g., hunger, satiety, fullness), and adverse events. 149 

Secondary outcomes were only considered in the studies that were identified as investigating our 150 

primary outcomes; we did not search for these outcomes. These outcomes must also have been 151 

assessed using objective, validated measures. 152 

Study design: Any controlled intervention study design (within-groups cross-over or between-153 

subjects parallel-groups) was considered suitable, provided empirical data were included. Studies 154 

were included regardless of setting, location, or date of study. Animal studies, in-vitro studies and 155 

observational studies were excluded.    156 

 157 

2.3. Study Selection 158 

Searches were run by one reviewer (LRB). Search results were downloaded into Endnote, and 159 

duplicates removed. Titles and abstracts were assessed independently by two researchers (LRB, 160 

ADB), and all articles of possible relevance to the review were taken forward for full text screening. 161 

Screening of trial registries was undertaken by two reviewers (LRB, FE) and searching for references 162 

from published reviews was undertaken by one reviewer (FE). Screening of all full text papers was 163 

subsequently undertaken by two independent reviewers (LRB, JW). Discrepancies were resolved by 164 

discussion or following consultation with a third reviewer (KMA). Where the use of aspartame was 165 

unclear, clarity of this was sought from authors by email (FE). All articles for which authors provided 166 

detail that aligned with our inclusion and exclusion criteria were subsequently included.  167 

 168 

2.4. Data extraction  169 

Two reviewers (LRB, ADB, FE or JW) independently extracted data from all included articles using a 170 

bespoke data extraction spreadsheet. Data were extracted on methodological aspects of each study and 171 

risk of bias. Discordances were discussed and resolved between reviewers. Following the extraction 172 
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of all methodological and risk of bias details, numerical data were also extracted by two independent 173 

reviewers (LRB, FE or JW) for all studies to be included in meta-analyses. Only group level data were 174 

extracted; individual data were not sought. Data were extracted directly from publications and 175 

subsequently converted to means and standard deviations as required. For the extraction of numerical 176 

data located in graphs, the online tool Plotdigitizer (www.plotdigitizer.com) (42) was used. Numerical 177 

data points were compared between two researchers, with all extracted data within 5% automatically 178 

accepted and an average taken. Where extracted data were not within 5%, these were manually 179 

compared and agreed by consultation. For studies not to be included in meta-analyses, results were 180 

extracted narratively (FE, KMA) for inclusion in the review alongside numerical results. 181 

 182 

2.5. Risk of Bias  183 

Two reviewers (LRB, ADB, FE or JW) independently extracted data on risk of bias for each included 184 

study using the Cochrane Collaboration Risk of Bias 2 Tool, developed by Higgins et al., 2019 (38). 185 

The domains assessed were: 1) risk of bias arising from the randomisation process; 2) risk of bias due 186 

to deviations from the intended interventions (effect of assignment to intervention and effect of 187 

adhering to intervention); 3) risk of bias due to missing outcome data; 4) risk of bias in measurement 188 

of the outcome; 5) risk of bias in selection of the reported result; and overall bias. Risk of bias was 189 

assessed for each outcome measured. For each domain, for each outcome, risk of bias was judged 190 

independently by two reviewers, as ‘low’, ‘high’ or with ‘some concerns’, based on published 191 

information. Criteria for risk of bias judgements were based on the tool crib-sheet (38). 192 

Disagreements between reviewers were resolved by consensus. 193 

 194 

2.6. Data synthesis  195 

For the purposes of this review, the term ‘article’ refers to each individual reference included in the 196 

review. The individual pieces of research that are detailed in articles are referred to as ‘experiments’, 197 

and each assessment of aspartame versus comparator is referred to as a ‘study’. The term 198 

‘comparison’ refers to the collection of studies making the same comparison between exposure and 199 

comparator. For example, if a parallel-groups experiment has three arms – one arm asked to consume 200 
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aspartame, one arm asked to consume placebo and one arm asked to consumed sucrose, this 201 

experiment would be considered to consist of two studies: aspartame vs placebo and aspartame vs 202 

sucrose, and these two studies contribute to the (two) comparisons between aspartame and placebo, 203 

and aspartame and sucrose, respectively. If a parallel-groups experiment has three arms – one arm 204 

asked to consume aspartame, one arm asked to consume low dose sucrose and one arm asked to 205 

consumed high dose sucrose, this experiment would be considered to consist of two studies: 206 

aspartame vs low dose sucrose and aspartame vs high dose sucrose, and these two studies contribute 207 

to the (one) comparison between aspartame and sucrose. Thus, an article may detail one or more 208 

experiments, and each of these may contain one or more studies, which contribute to one or more 209 

comparisons. Where more than one article reported on the same experiment, additional articles were 210 

only included in the review if they provided unique additional information or data relevant to our 211 

research questions, with one article designated as the ‘primary reference’ for clarity. Articles reporting 212 

on subsets of participants, without any variation in study methodology, were not included separately. 213 

All extracted data were tabulated. At the data extraction stage, a number of studies were 214 

identified that included an exercise component as well as other relevant aspects. Because exercise 215 

may also impact digestive physiology, these studies were not considered beyond this stage unless 216 

there was a period before the exercise when the effects of aspartame without exercise had been 217 

assessed.  218 

A narrative synthesis of all suitable experiments was subsequently conducted, based on study 219 

design type (cross-over / parallel-groups), study duration, aspartame exposure, comparator, and 220 

outcomes assessed. Studies were also combined using meta-analysis where at least ten studies of the 221 

same design type and aspartame exposure pattern that investigated the same outcome were available. 222 

Only studies of the same design type and aspartame exposure pattern were combined to allow 223 

meaningful combination of the data considering the heterogeneity between studies in methodology 224 

which may affect study results, and the differing assumptions that may be required based on study 225 

design. We considered these characteristics to contribute to the appropriateness of combining study 226 

results statistically (43,44). Furthermore, while only studies of the same exposure pattern were 227 

combined, studies were combined regardless of comparator, where comparators were grouped to form 228 
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subgroups. Meta-analyses were not undertaken where few studies were available with the same design 229 

and methodological features to ensure that combination of studies in this way was meaningful. Data 230 

were analysed as standardised mean difference (SMD) with 95% confidence intervals (CI), allowing 231 

consideration of studies regardless of the measure used for the outcome of interest, provided the same 232 

measure was used for both intervention and comparator. SMDs were calculated using Hedges’ 233 

adjusted g, which includes an adjustment to correct for small sample bias (43,44). Analyses of cross-234 

over studies also included an adjustment for the correlation between data points from the same 235 

individuals in both study arms, assuming a correlation co-efficient of r=0.7 (45). Estimates were 236 

calculated using random effects models primarily, due to likely heterogeneity between studies. Fixed 237 

effect models were also applied as sensitivity analyses. Where experiments contributed multiple 238 

studies to the same analysis, the number of participants was divided accordingly, such that each 239 

participant contributed a maximum of once to each analysis using studies of a parallel-groups design, 240 

and a maximum of twice to each analysis using studies of a cross-over design. Where experiments 241 

provided multiple treatment groups, e.g. lean, overweight, each group was treated as an independent 242 

study. Where experiments assessed outcomes multiple times over an extended period, e.g. after 1 243 

week, 6 weeks and 12 weeks, data were used from the longest time period over which the intervention 244 

remained in place, e.g. at 6 weeks after a 6-week intervention. Where numerical data were not 245 

provided, data were extracted from graphs, and multiple outcome assessment time points were used to 246 

calculate area under the curve over the time period for which comparable data for intervention and 247 

comparator were provided. Analyses were conducted using published end-of-intervention mean and 248 

standard deviation data. Missing standard deviation data were estimated from the standard deviation 249 

data from all other studies using the same measure (46). Differences, where they occur, between the 250 

effects demonstrated in our analyses and those reported in the original papers, will result from the 251 

estimations made in our analyses. Heterogeneity between studies was investigated using Higgins’ I2 252 

statistic (47,48). Subgroup analyses were undertaken to investigate differing effects as a result of the 253 

comparator used. Possible publication bias was investigated using funnel plot asymmetry (43,44). 254 

Additional sources of heterogeneity were not investigated considering the limited number of studies 255 
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available using comparable methodology. Meta-analyses were undertaken in Stata, version 18 (Stata 256 

Corp, Inc. US). 257 

 258 

2.7. Certainty of the Evidence 259 

Following our syntheses of the articles found, two reviewers (LRB, KMA) also assessed the certainty 260 

of the evidence for all primary outcomes, using the GRADE (Grading of Recommendations 261 

Assessment, Development and Evaluation) approach (40,41). The two reviewers worked together, to 262 

grade the evidence using the criteria: 1) limitations in study design and implementation; 2) 263 

inconsistency or heterogeneity in the evidence; 3) indirectness of the evidence; 4) imprecision in the 264 

evidence available; 5) other concerns, including risk of publication bias. For each outcome, the 265 

certainty of the evidence was assessed as ‘high’, ‘moderate’, ‘low’ or ‘very low’ (40,41). 266 

 267 

3. RESULTS 268 

3.1. Results of the searches  269 

Searches of databases were undertaken on 10th June 2024, all other searches were completed by the 270 

30th Sept. 2024. The initial database searches yielded 11,796 search hits, with 9,498 remaining after 271 

deduplication. Following title and abstract screening, 417 articles were considered suitable for full-272 

text screening. Assessment of the trial registries, reference lists, EFSA and FDA libraries, and 273 

published abstracts yielded an additional 18 articles for full-text screening, giving 435 articles in total. 274 

Following full-text screening, 101 articles were included in the review. The PRISMA flow diagram 275 

shows the number of articles at each stage (Figure 1).  276 

 277 

Figure 1 about here 278 

 279 

3.2. Included studies 280 

The 101 articles included in the review reported on the effects of aspartame, both alone and in 281 

conjunction with a number of other substances, compared with those of a number of different 282 

comparators, on glucose responses and the actions of a number of appetite-related hormones. Of the 283 
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101 articles, 73 articles reported on 77 cross-over experiments (49-121), and 28 articles reported on 284 

23 parallel-groups experiments (122-149). An overview of all experiments, including all individual 285 

studies, is given in Table 1. Detailed study characteristics are given in the Supplementary Materials, 286 

Excel file.  287 

 288 

Table 1 about here 289 

 290 

3.2.1. Cross-over Studies 291 

The 77 cross-over experiments included 23 experiments which involved an exercise component, and 292 

while nine of these also included a pre-exercise rest period where data of relevance to our research 293 

questions could be gained (62,74,86,90,101,102,108,119,121), 14 of these experiments only measured 294 

digestive physiology during or after exercise and were not considered further 295 

(51,52,55,61,63,66,69,72,78-80,88,92,113). Of the 54 nutritional experiments, 12 experiments 296 

involved individuals or a subgroup of individuals where physiology in relation to aspartame or 297 

digestion may be compromised or unusual. These experiments involved individuals with aspartame 298 

sensitivity (2 experiments (98,99)), phenylketonuria (PKU) (1 experiment (120)), untreated diabetes 299 

mellitus (DM) (3 experiments (68,91)), non-insulin dependent diabetes mellitus (NIDDM) (5 300 

experiments (64,73,96,100,116), and one experiment involved individuals with post-bariatric 301 

hypoglycaemia (82). These experiments or subgroups of individuals were considered separately. 302 

Where experiments included subgroups of individuals without compromise (73,91,98,116,120), these 303 

subgroups were considered with all other studies on healthy adults.  304 

 305 

3.2.1.1. Acute Studies 306 

With the considerations above, 55 experiments lasted for 1 day or less in duration and could provide 307 

data that were unaffected by exercise, and 51 of these involved healthy adults or a healthy adult 308 

subgroup. Provision of aspartame, comparator/s, and outcomes investigated in these studies is given 309 

in the Supplementary Materials, Supplementary Table 1. Wide range was found in aspartame 310 

provision and comparator/s used. Thirty-eight studies investigated aspartame when provided alone, 311 
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and compared this to effects from vehicle (7 studies (58,59,73,87,104,120)), vehicle plus glucose (10 312 

studies (54,70,75,89,91,97,104,121)), sucrose (3 studies (59,83,117)), fructose (1 study (97)), and 313 

glucose and fructose (1 study (86)), vehicle plus non-sweet-tasting carbohydrates (4 studies 314 

(101,104)), vehicle plus other nutritive components (7 studies (62,74,87,90,120)), and five different 315 

LCS (5 studies (73,77,107,117)). Eight studies investigated aspartame in combination with other LCS, 316 

both with and without other nutritive components, and compared these to effects from vehicle (1 study 317 

(67)), vehicle plus sucrose (3 studies (67,105)), high fructose corn syrup (1 study (105)), carbohydrate 318 

(1 study (119)), vehicle plus additional LCS (1 study (112)) or sucrose (1 study (106)). Twenty-three 319 

studies investigated aspartame in combination with sugars or other nutritive components, e.g. in a 320 

milkshake, food item, as part of a meal or in the form of an oral glucose tolerance test, and compared 321 

these to effects from vehicle (10 studies (49,57-59,95,98,102,103,116,120)), vehicle plus five different 322 

LCS (5 studies (53,57,77,116)), vehicle plus sugars (6 studies (53,85,94,102,103)) and sugars (2 323 

studies (49,95)). Fourteen studies also investigated aspartame without taste, almost all with a different 324 

comparator (60,71,75,81,110)), and ten studies investigated the effects of aspartame without ingestion, 325 

again with a variety of comparators (114,115). 326 

 The majority of studies assessed responses in glucose and insulin, using a number of different 327 

methods, with very few studies also investigating other appetite-regulating hormones. With more than 328 

10 studies available, meta-analyses were run to investigate the effects of aspartame when provided 329 

alone and in combination with nutritive components on glucose and insulin responses.    330 

 331 

Table 2 about here 332 

 333 

3.2.1.1.1. Meta-analysis One (Aspartame alone, Glucose Responses): Thirty-four studies provided 334 

aspartame alone, and were divided into five subgroups dependent on comparator (vehicle, sweet-335 

tasting sugars, non-sweet-tasting carbohydrates, nutritive components, other LCS); suitable data were 336 

not available for inclusion from four studies (83,107,120). Using random effects models, no effects of 337 

aspartame were found when compared with vehicle (SMD = -0.47, 95% CI: -1.07, 0.12, I2 = 37%, 6 338 

studies) or when compared with other LCS (SMD = 0.10, 95% CI: -0.28, 0.48, I2 = 0%, 4 studies), but 339 
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significantly lower levels of blood glucose were found following aspartame when compared with 340 

sweet-tasting sugars (SMD = -0.83, 95% CI: -1.20, -0.47, I2 = 54%, 14 studies (2 population 341 

subgroups)), non-sweet-tasting carbohydrates (SMD = -1.33, 95% CI: -2.10, -0.56, I2 = 4%, 4 studies) 342 

and other nutritive components (SMD = -1.04, 95% CI: -1.55, -0.54, I2 = 0%, 6 studies). The Forest 343 

plot is given in Figure 2. Statistically significant differences were found between subgroups (χ2 = 344 

21.31, p < .01). The overall effect estimate (SMD = -0.71, 95% CI: -0.96, -0.46, I2 = 50%, 34 studies) 345 

reflects the subgroups and studies included. Fixed effects models revealed similar effects (see 346 

Supplementary Materials), as do narrative reports from the studies not included in the analyses. The 347 

funnel plot revealed some asymmetry, suggestive of publication bias (see Supplementary Materials, 348 

Supplementary Figure 1).  349 

 350 

Figure 2 about here 351 

 352 

3.2.1.1.2. Meta-analysis Two (Aspartame with a nutritive component, Glucose Responses): 353 

Nineteen studies provided aspartame with a nutritive element, and were divided into four subgroups 354 

dependent on comparator (nutritive vehicle, nutritive vehicle with LCS, nutritive vehicle with 355 

nutritive sugars, sugars); suitable data were not available for blood glucose for inclusion from four 356 

studies (58,103). Using random effects models, no effects of aspartame were found when compared 357 

with nutritive vehicle (SMD = 0.01, 95% CI: -0.26, 0.27, I2 = 0%, 8 studies), nutritive vehicle with 358 

LCS (SMD = 0.22, 95% CI: -0.30, 0.74, I2 = 35%, 5 studies), nutritive vehicle and sugars (SMD = -359 

0.40, 95% CI: -0.93, 0.13, I2 = 34%, 4 studies), or when compared with sugars (SMD = -0.04, 95% 360 

CI: -1.05, 0.97, I2 = 66%, 2 studies). The overall effect estimate (SMD = -0.02, 95% CI: -0.22, 0.18, I2 361 

= 9%, 19 studies) also demonstrated no effects, with no statistically significant differences between 362 

subgroups (χ2 = 2.81, p = 0.42). The Forest plot is given in the Supplementary Materials, 363 

Supplementary Figure 2. Fixed effects models also revealed similar effects (see Supplementary 364 

Materials), as do narrative reports from the studies not included in the meta-analysis. The funnel plot 365 

reveals limited asymmetry, suggestive of little publication bias (see Supplementary Materials, 366 

Supplementary Figure 3).  367 
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 368 

3.2.1.1.3. Meta-analysis Three (Aspartame alone, Insulin Responses): For insulin responses, meta-369 

analysis three included 31 studies, all providing aspartame alone, divided into five subgroups 370 

dependent on comparator (vehicle, sweet-tasting sugars, non-sweet-tasting carbohydrates, nutritive 371 

components, other LCS); suitable data were not available for inclusion from seven studies 372 

(70,83,85,107,120). Using random effects models, no effects of aspartame were found when 373 

compared with vehicle (SMD = 0.04, 95% CI: -0.42, 0.49, I2 = 0%, 6 studies), significantly lower 374 

levels of blood insulin were found following aspartame when compared with sweet-tasting sugars 375 

(SMD = -1.70, 95% CI: -2.52, -0.87, I2 = 85%, 11 studies), non-sweet-tasting carbohydrates (SMD = -376 

2.00, 95% CI: -2.82, -1.17, I2 = 0%, 4 studies) or other nutritive components (SMD = -1.78, 95% CI: -377 

2.56, -1.00, I2 = 45%, 6 studies), and slightly higher levels of blood insulin were found following 378 

aspartame when compared with other LCS (SMD = 0.69, 95% CI: 0.02, 1.36, I2 = 65%, 4 studies). 379 

The differences between subgroups were statistically significant (χ2 = 48.49, p < .01). The Forest plot 380 

is given in Figure 3. The overall effect estimate (SMD = -1.12, 95% CI: -1.62, -0.62, I2 = 84%, 31 381 

studies) reflects the subgroups and studies involved. Fixed effects models revealed similar effects (see 382 

Supplementary Materials), as do narrative reports from the studies not included in the meta-analysis. 383 

The funnel plot revealed some asymmetry, suggestive of publication bias (see Supplementary 384 

Materials, Supplementary Figure 4).  385 

 386 

Figure 3 about here 387 

 388 

3.2.1.1.4. Meta-analysis Four (Aspartame with a nutritive component, Insulin Responses): 389 

Sixteen studies provided aspartame with a nutritive element, and were divided into four subgroups 390 

dependent on comparator (nutritive vehicle, nutritive vehicle with LCS, nutritive vehicle with 391 

nutritive sugars, sugars); suitable data were not available for inclusion from seven studies (57,58,103). 392 

Using random effects models, no effects of aspartame were found when compared with nutritive 393 

vehicle (SMD = 0.03, 95% CI: -0.24, 0.30, I2 = 0%, 7 studies), nutritive vehicle and LCS (SMD = -394 

0.03, 95% CI: -0.46, 0.40, I2 = 0%, 3 studies), or sugars (SMD = 0.11, 95% CI: -0.98, 1.21, I2 = 71%, 395 
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2 studies), and a lower blood insulin following aspartame was found when compared with nutritive 396 

vehicle and sugars (SMD = -0.51, 95% CI: -0.92, -0.10, I2 = 0%, 4 studies). The overall effect 397 

estimate (SMD = -0.07, 95% CI: -0.26, 0.12, I2 = 0%, 16 studies) demonstrates no effects, and there 398 

were no statistically significant differences between subgroups (χ2 = 4.90, p = 0.18). The Forest plot is 399 

given in the Supplementary Materials, Supplementary Figure 5. Fixed effects models revealed similar 400 

effects (see Supplementary Materials), as do narrative reports from the studies not included in the 401 

meta-analysis. The funnel plot revealed little asymmetry, suggestive of little publication bias (see 402 

Supplementary Materials, Supplementary Figure 6).  403 

 404 

Where other appetite-regulating hormones were assessed, few effects were found. A few studies also 405 

assessed energy intake, appetite and/or adverse events. Where energy intake and appetite were 406 

assessed, effects mirrored those in blood glucose and insulin – no differences were found when 407 

aspartame was compared with placebo or other LCS, but significant reductions were found when 408 

aspartame was compared with sugars or other nutritive compounds. Few adverse events were reported 409 

across all studies. 410 

Three acute experiments involved individuals with sensitivity to aspartame (98,99,120). In 411 

one experiment, participants who self-reported aspartame sensitivity demonstrated no effects of 412 

aspartame in a cereal bar on fasting glucose, insulin, insulin sensitivity or adverse events, although an 413 

increase in GLP-1 and decrease in GIP were found, when compared with an aspartame-free cereal bar 414 

vehicle (98). In a second experiment (99), blood glucose was reported to be lower at one time-point 415 

following encapsulated aspartame compared with placebo, but no data or discussion of this finding are 416 

given. There were no differences at other time points, and no effects in plasma insulin, glucagon or 417 

adverse events. In one experiment with adolescents with PKU (120), no effects of aspartame were 418 

again reported, although a carbohydrate load (with and without aspartame) increased plasma glucose 419 

and insulin.     420 

 Five acute experiments involved individuals with some degree of diabetes mellitus 421 

(68,73,91,100,116). In these experiments, no effects of aspartame were found when compared with 422 

vehicle or saccharin, for blood glucose, insulin, glucagon or for adverse events (73). When compared 423 
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with glucose, aspartame resulted in lower plasma glucose and insulin in one study (100), and lower 424 

blood glucose but no effects in insulin or glucagon in another study (91). Aspartame in combination 425 

with acesulfame K, erythritol and nutritive elements resulted in lower blood glucose and insulin, and 426 

similar adverse events compared with the same nutritive elements and sucrose (68). When combined 427 

with glucose, aspartame had no effects on plasma glucose, insulin or GLP-1 when compared with 428 

vehicle or sucralose (116).  429 

 The experiment in individuals with post-bariatric hypoglycaemia (82) also reports no effects 430 

of aspartame on blood glucose, and no adverse events, but the expected increases and decreases in 431 

response to glucose in this population were found. In all these experiments, in relation to aspartame, 432 

the findings mirror those in healthy participants.  433 

 434 

3.2.1.2 Medium-term Studies 435 

Four cross-over experiments lasted 2-30 days (50,76,91,108). Neither high (45mg/kg BW/d) nor low 436 

doses (15mg/kg BW/d) of aspartame were found to affect blood glucose, insulin or adverse events 437 

following supplementation for 20 days when compared with placebo or sucrose (108). No effects of 438 

aspartame consumption for two weeks were found in plasma glucose, insulin, insulin sensitivity, 439 

GLP-1 or leptin concentrations, when compared with sucralose (50). No effects of aspartame with 440 

acesulfame K for two weeks were found on glucose, insulin or insulin sensitivity, when compared 441 

with mineral water (76). Two weeks aspartame supplementation also had no effects on fasting or post-442 

prandial blood glucose compared with no supplementation in individuals with diabetes mellitus (91).  443 

 444 

3.2.1.3 Long-term Studies 445 

Three cross-over experiments lasted for more than 30 days (56,64,96), with results that also mirror 446 

those above. Bonnet et al (56) report no effects of the consumption of aspartame with acesulfame K 447 

for 12 weeks on glucose responses, insulin responses, insulin sensitivity, insulin secretion or energy 448 

intake, compared with carbonated water, Colagiuri et al (64) report no effects of aspartame compared 449 

with sucrose for 6 weeks on glucose, insulin or measures of HbA1c in individuals with NIDDM, and 450 

Preechasuk et al (96) report no effects of aspartame compared with allulose for 12 weeks on glucose, 451 
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insulin, insulin sensitivity, insulin secretion, HbA1c, GLP-1, GIP or adverse events in individuals 452 

with NIDDM. 453 

 454 

3.2.2. Parallel-groups Studies 455 

The 27 articles on parallel-groups studies, detailed 23 experiments, including one experiment which 456 

also included an exercise component (127).  457 

 458 

3.2.2.1 Acute Studies 459 

Of the 22 nutritional experiments, 8 experiments were 1 day or less in duration, all conducted in 460 

healthy adults (122,126,136,137,146-148), providing between them 12 relevant studies. These 12 461 

studies tested aspartame when administered alone (6 studies (126,136,146,148)), with other LCS (3 462 

studies (122,137)), with nutritive components (2 studies (147)) or both (1 study (137)), and compared 463 

aspartame with glucose (8 studies (122,126,137,146,148)), sucrose (1 study (136)) and glucose and 464 

nutritive components (3 studies (137,147)). All studies assessed blood glucose levels (12 studies 465 

(122,126,136,137,146-148)), and one study assessed insulin (148) and glucagon (148). Effects in 466 

glucose responses in these studies reflect those found in the acute cross-over studies. Aspartame was 467 

found to result in lower levels of blood glucose compared to glucose and sucrose consumption, 468 

whether provided alone, with other LCS, or with nutritive components. One study also reported on 469 

measures of appetite and adverse events in the form of hypoglycaemia symptoms (136), to find no 470 

effects. The interventions, comparators and outcomes in these studies are given in Table 2.  471 

 472 

Table 2 about here 473 

 474 

3.2.2.2 Medium-term Studies  475 

Four experiments were 2 – 30 days in duration (130,139,145,149), one reported in multiple 476 

publications, each of which reports on select comparators and outcomes (129,130,142,143), with 477 

some inconsistencies in the effects reported dependent on the studies included in each statistical 478 

analysis. Three experiments were conducted in healthy adults (130,139,145), where aspartame was 479 
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provided alone and compared with sugars (6 studies (130)), provided with LCS and compared with 480 

other LCS (2 studies (139)) and water (1 study (139)), provided with glucose and compared with 481 

glucose alone (1 study (145)) and nothing (1 study (145)), and where aspartame was provided with 482 

high fructose corn syrup and compared with higher concentrations of high fructose corn syrup (2 483 

studies (130)). Studies assessed glucose (13 studies (130,139,145)), HbA1c (5 studies (139,145)), 484 

insulin (13 studies (130,139,145)), insulin sensitivity (11 studies (130,139)), GLP-1 (5 studies 485 

(139,145)), and leptin (4 studies (130)). Effects in these studies mirror those in the short term studies 486 

to some extent, where aspartame results in lower blood glucose and insulin levels and improved 487 

insulin sensitivity compared with sugars, with some variation between sugars, and some effects when 488 

aspartame was compared with other LCS, but effects are very inconsistent, and typically found in one 489 

measure only, where multiple measures were undertaken. The interventions, comparators and 490 

outcomes in these studies are given in Table 3. Nine studies also reported on energy intake. The test 491 

situation differed for aspartame and comparator in four studies (130); in the additional five studies, no 492 

effects were found (139,145). Two studies also found no effects of aspartame on adverse events (145).  493 

 One study was conducted in individuals with insulin-dependent diabetes mellitus (IDDM) 494 

(149), where aspartame was provided in snacks and compared with sucrose in snacks for five days. 495 

No differences were found between groups in blood glucose or fructosamine concentrations.  496 

 497 

Table 3 about here 498 

 499 

3.2.2.3 Long-term Studies 500 

Ten experiments were more than 30 days in duration (123,124,128,131-134,138,140,144), nine of 501 

which were conducted in healthy adults, one also involving children (134). Experiments were 502 

noticeably larger with sample sizes ranging from 41 - 493 participants. In three experiments (7 503 

studies) (124,132,134), aspartame was provided alone, and compared with water/nothing (1 study 504 

(124)), three other LCS (3 studies (132)), sucrose or sucrose-sweetened drinks (2 studies (124,132)), 505 

and where aspartame was provided encapsulated, this was compared with encapsulated lactose (1 506 

study (134)). In four experiments (6 studies), aspartame was provided with other LCS and compared 507 
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with water/nothing (4 studies (123,128,133,140)) and sugar-sweetened drinks (2 studies (123,133)), in 508 

one experiment aspartame was provided alongside other LCS in foods and beverages and compared 509 

with effects from the consumption of sucrose-sweetened foods and beverages (one study (144)), and 510 

in one experiment (two studies (131)), aspartame was provided with dextrose, and compared with a 511 

dextrose vehicle. Studies assessed glucose (16 studies (123,124,128,131-134,140,144)), HbA1c (7 512 

studies (128,131,132)), insulin (13 studies (123,124,128,131,132,134,144)), insulin sensitivity (5 513 

studies (123,124,144)), leptin (4 studies (124,131)), two studies reported on GLP-1 (131) and GIP 514 

(131), and one study reported on glucagon (134). None of these studies found differences between 515 

those consuming aspartame or comparator in any biochemical measure. The interventions, 516 

comparators and outcomes in these studies are given in Table 4.  517 

Nine studies also provided data on discretionary energy intake (123,124,132,144), where 518 

either no differences were reported, or lower energy intake (123,144) and energy density (144) was 519 

reported in those consuming aspartame compared to sucrose, but no effects were found when 520 

compared with water (123). Nine studies provided data on appetite (128,131,132,140,144), to report 521 

no differences between groups with the exceptions that those consuming aspartame self-reported 522 

lower hunger compared to those consuming water in the study by Peters, et al. (140), and those 523 

consuming saccharin in the study by Higgins, et al. (132). Three studies reported no differences 524 

between groups in adverse events (123,134). 525 

 One experiment involved individuals with IDDM and NIDDM (138). Here, encapsulated 526 

aspartame at high doses (2.7g/d) was consumed for 18 weeks, compared with encapsulated corn 527 

starch, to result in no changes in glucose metabolism, and comparable numbers of adverse events.  528 

 529 

Table 4 about here 530 

 531 

3.3. Risk of Bias 532 

Judgements of risk of bias for each included study, per outcome, are given in the Supplementary 533 

Materials, Supplementary Table 2. The majority of studies were considered to have some concerns 534 

over risk, predominantly as a result of concerns over randomisation, concerns over effects of 535 
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intervention assignment, and concerns over selected outcome reporting. Concerns over randomisation 536 

largely arose in studies with a cross-over design, due to a lack of reporting of randomisation processes 537 

in short-term studies. Concerns over intervention assignment were predominantly a result of poor 538 

blinding or an inability to blind participants and researchers or outcome assessors to intervention 539 

assignment. Concerns over selected outcome reporting arose in studies with a cross-over design, as a 540 

result of the incomplete or unclear presentation of data and the incomplete or unclear reporting of 541 

statistical analyses, and in studies with a parallel-groups design, as a result of the use of large trials 542 

with multiple outcomes, where time for analyses and space for reporting are limited, and/or outcomes 543 

are proposed for additional publications. Some concerns are also suggested where different 544 

comparisons and different outcomes have been reported in separate articles, or where analyses are 545 

unclearly reported. Studies without concerns over risk of bias were more often judged to have low risk 546 

of bias rather than high risk.  547 

 548 

3.4. Certainty of the Evidence 549 

Judgements of the certainty of the evidence for all primary outcomes are given in Table 5 for healthy 550 

populations, in Table 6 for populations with aspartame-sensitivities, and in Table 7 for populations 551 

with compromised glucose metabolism. As already stated, wide heterogeneity in study methodology 552 

was found, resulting in the consideration of few studies per outcome dependent on provision of 553 

aspartame and comparator used. For all primary outcomes, the certainty of the evidence was 554 

considered to be ‘very low’. Certainty of the evidence was downgraded for: limitations in study 555 

design and implementation, considering the concerns noted in the risk of bias assessments; 556 

inconsistency or heterogeneity in the evidence, considering the wide variation in study methodology, 557 

including the comparators used, and the significant differences found between subgroups in our meta-558 

analyses; imprecision in the evidence available, considering the wide heterogeneity in study findings; 559 

and for some outcomes for possible risk of publication bias. For all outcomes, the majority of studies 560 

were deliberately designed to investigate our research questions, thus the certainty of the evidence 561 

was not downgraded for indirectness. For some outcomes, insufficient studies were available to 562 
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estimate imprecision or other concerns. In these cases, the certainty of the evidence was again 563 

downgraded.  564 

 565 

Tables 5-7 about here 566 

 567 

4. DISCUSSION  568 

4.1. Main findings 569 

This work aimed to systematically identify and summarize all controlled intervention studies 570 

investigating the effects of aspartame consumption on glucose, insulin and appetite-related hormone 571 

responses.  572 

 A considerable number of studies were identified, using wide variety in their methodology. 573 

Studies provided aspartame alone, with a range of other LCS, and with a range of nutritive sweeteners 574 

and other nutritive components, and compared the effects of aspartame consumption with placebo or 575 

vehicle, with a range of other LCS or a range of nutritive sweeteners or other nutritive components. 576 

Studies lasted from periods of less than 1 hour to periods of up to 12 months, and ranged in size from 577 

4 to 493 participants, with necessary variety in aspartame provision and measurements taken. Almost 578 

all studies assessed effects on glucose and insulin responses, many of the longer (medium- and long-) 579 

term studies also included measures of insulin sensitivity (HOMA-IR, Matsuda Index) and some 580 

studies included measures of longer-term glucose control (HbA1c), but few studies assessed other 581 

appetite-regulating hormones.  582 

 The variety in methodology in the studies available makes combination difficult. To allow 583 

meaningful results, meta-analyses were only conducted for acute cross-over studies that provided 584 

aspartame alone or with a nutritive element and investigated effects on blood glucose or insulin levels. 585 

These analyses demonstrate no effects of aspartame when compared with vehicle for either glucose or 586 

insulin, and these limited responses then also result in lower blood glucose and insulin levels when 587 

compared with nutritive substances. Slight differences in glucose and insulin responses in some 588 

subgroups most likely reflect the different studies in each subgroup and differences in the methods 589 

used for both aspartame administration and outcome assessment. An absence of effect was also found 590 
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when aspartame was compared with other LCS; some small effects were found in insulin responses, 591 

but very few studies could be included in these analyses.  592 

 Caution must be exercised in relation to our meta-analyses considering the limited studies 593 

included, the assumptions and estimations required, and the high heterogeneity that was found. Some 594 

suggestion of publication bias was found in our funnel plots, and other sources of heterogeneity could 595 

not be investigated due to the limited studies available, but the short-term effects reported were 596 

largely also found in the studies that did not contribute to the meta-analyses and similar effects were 597 

also found in the acute studies using parallel-groups designs. With these considerations, the certainty 598 

of the evidence for glucose and insulin outcomes over short time periods was judged to be ‘very low’.   599 

 In the medium- and long-term studies, few effects of aspartame consumption were found. In 600 

the medium-term, some effects mirror those found over the short-term to some extent, but significant 601 

differences are less consistent. There is some suggestion again that the effects of aspartame may differ 602 

from those of other LCS, but again very few studies were considered. Given the different chemical 603 

structures and metabolic actions of different LCS (19,22,23), further investigation in this area may be 604 

of value.  605 

In the long-term studies, no effects of the repeated consumption of aspartame were found on 606 

any of the measures assessed. This absence of effects most likely reflects the different measures used 607 

in these studies, and, importantly, the long-term nature of these parameters. Measures of glycosylated 608 

haemoglobin (HbA1C) reflect glucose metabolism over months, will be unaffected by immediate food 609 

intake as assessed in the short-term and are more closely related to chronic health conditions 610 

(150,151). These findings suggest no contra-indications for long-term glucose metabolism from 611 

aspartame consumption. The certainty of the evidence for all outcomes over the medium- and long-612 

term, however, was judged to be ‘very low’. Natural variation between individuals, diets and dietary 613 

patterns will lessen the chances of observing effects, as will a backdrop of a usual diet composed of a 614 

range of sugars and LCS onto which aspartame is added, and any changes in dietary behaviour that 615 

may occur in response to an intervention. In many of the long-term studies furthermore, the 616 

intervention was less controlled (123,128,133,140) and an assessment, specifically of aspartame, may 617 
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have been compromised. In studies where the consumption specifically of aspartame was more 618 

closely controlled (131,132,134), however, again, no meaningful effects were found.  619 

 Few studies measured appetite-regulating hormones other than insulin. Leptin, GLP-1 and 620 

GIP were measured in some studies, and again few effects were found in these outcomes, particularly 621 

over the long-term. Some work however, does suggest differential effects of different LCS on a 622 

number of appetite-regulating hormones, specifically GLP-1 and GIP (23); further work in this area 623 

would be of value, particularly over the long-term. Only two long-term (124,131) and three medium-624 

term experiments (130,139,145) that assessed appetite-regulating hormones other than insulin were 625 

found. These studies further all provided different exposures to aspartame and used different 626 

comparators. The certainty of the evidence for all appetite-regulating hormone responses other than 627 

insulin was judged to be ‘very low’. 628 

Of interest, a lack of effects from aspartame was also found, not only in healthy individuals, 629 

but also in those with self-reported aspartame sensitivity and in those with compromised glucose 630 

metabolism in the form of diabetes mellitus. Our findings may suggest again few reasons for concern 631 

over aspartame consumption, but few studies with these populations were available, and the 632 

physiology underlying diabetes mellitus is complicated by diverse forms of the condition, co-633 

morbidities and other confounders (150-152).  The certainty of the evidence for all outcomes in 634 

specific populations was judged to be ‘very low’. 635 

Some studies also assessed energy intake and appetite alongside effects in blood chemistry. 636 

Effects in these outcomes typically mirrored those found in the blood in the short-term – no effects 637 

when compared with vehicle or other LCS, and reduced energy intake and appetite following 638 

aspartame when compared with sugars or other nutritive components, with few differences between 639 

interventions in the long term. These findings have also been demonstrated in studies that do not 640 

measure biochemistry (13,14,153,154). Where adverse events were assessed, no effects of aspartame 641 

consumption were found.    642 

 643 

4.2. Comparisons with other Reviews 644 
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Other reviews on this topic also report no effects of aspartame when compared with water/vehicle, 645 

although when compared with sugars, findings are mixed. Ahmad, et al. (34) reviewed 18 articles 646 

which tested provision of aspartame on glucose metabolism and appetite-regulating hormones, 647 

compared with vehicle and sugars, to report limited effects of aspartame, although the high 648 

heterogeneity between studies, particularly in study methodology was also noted. This review further, 649 

includes two articles we were unable to access (155,156). According to the reports in Ahmad, et al. 650 

(34), both of these acute studies found no effects of aspartame on glucose (155,156) or insulin (155) 651 

compared with both sucrose (155,156) and other LCS (155), in healthy adults (155) and in adults with 652 

NIDDM (156). Mehat, et al. (35) in their review also report limited effects of aspartame when 653 

combined with acesulfame K on blood glucose and other appetite-regulating hormones, when 654 

compared with water and sugars, although few studies are included, and again high heterogeneity is 655 

noted. Our review includes considerably more studies than were included in either of these previous 656 

reviews.  657 

 Reviews on LCS more generally also suggest limited glucose and insulin responses from a 658 

range of LCS (31-33), and lower blood glucose and insulin levels when compared with sugars. Of 659 

these, where LCS have been separated, Greyling, et al. (31), report no effects of aspartame alone or 660 

with other nutritive elements on postprandial glucose or insulin responses when compared with 661 

vehicle. Zhang, et al. (33) also report no effects of aspartame, when provided alone and in 662 

combination with other LCS when compared with vehicle, and reduced effects when compared with 663 

nutritive components. The review by Zhang, et al. (33) provides similar findings for a range of other 664 

appetite-regulating hormones in response to other LCS.  665 

 666 

4.3. Limitations of the Review 667 

Our review is limited by the small number of studies with comparable methods, making combination 668 

difficult, the low number of medium-term and long-term studies, and the low number of studies 669 

measuring appetite-regulating hormones other than insulin. Test of aspartame is difficult further in the 670 

medium- and long-term given the prevalence of aspartame in the food supply, responses in these 671 

studies that are potentially affected by a range of other elements in food products, e.g. beverage 672 
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flavourings and preservatives, and hormone assessment that is expensive and possibly compromised 673 

by practical issues. Heterogeneity between all studies was very high, and while insufficient 674 

comparable studies were available to investigate sources, we do find some evidence of publication 675 

bias in our funnel plots. 676 

 Our review processes may also have been compromised. Our search processes were 677 

extensive, but some studies may still have been missed if specific terms were not mentioned by 678 

authors. We included a range of terms related to LCS to capture papers on aspartame, and attempted to 679 

contact authors, but further studies may have been suitable unbeknownst to authors, e.g. through 680 

provision of ‘a diet drink’, particularly as a placebo comparator for a sugar-rich drink, and not all 681 

authors replied to our requests. Appetite-regulating hormones similarly may have been incorporated 682 

under much broader terms, e.g. ‘metabolic biomarkers’, so these studies may have been missed. We 683 

also did not search for unpublished work, except via trial registries and conference abstracts. Our 684 

searches of trial registrations and conference abstracts however did result in the addition of a small 685 

number of studies that would not otherwise have been included. Many studies also failed to report 686 

composite measures of hormone responses requiring calculations and estimations for group SDs, and 687 

none of the cross-over studies reported the correlation between data points within subjects for the 688 

different intervention arms. Full data would have enabled increased accuracy in our analyses (43), and 689 

may also have allowed the combination of cross-over and parallel-groups studies in the same 690 

analyses, enhancing the number of studies included, and so the power of these (157). Many 691 

estimations were required for our meta-analyses and caution must be exercised here.   692 

 693 

4.4. Implications for Practice 694 

Caution must be exercised considering the very low certainty of the evidence available. 695 

Notwithstanding also the limitations above, the findings of this review suggest few impacts of 696 

aspartame consumption on appetite-regulating hormones, with potential benefits for glucose 697 

metabolism, energy intake and appetite when compared with the consumption of sugars, and no 698 

detrimental contra-indications following consumption in the long-term. Increasing research 699 

demonstrates benefits for LCS when compared with the consumption of sugars (13,14,153,154). 700 
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Concerns have been expressed over their use in the long-term following associations with a number of 701 

health conditions (30,31), but direct causal impacts are difficult to ascertain in the research available 702 

(3,19,157). Recent reviews confirm the safety of aspartame for human consumption (25-27), but 703 

further work on health implications over the long-term would be of value.   704 

 705 

4.5. Implications for Research 706 

Additional studies, particularly over the medium- and long-term, would increase the evidence base 707 

and the certainty of the evidence. Indeed, considering the consistency required for ‘moderate’ or 708 

‘high’ certainty evidence, many additional studies may be required before implications for practice 709 

can be made responsibly. Further studies over all study durations would aid in understanding the 710 

heterogeneity found in our results, and more nuanced reviews will be of interest once a fuller 711 

evidence-base is achieved, e.g. based on time frame. Investigations by body-weight, habitual LCS use, 712 

or other personal characteristics may also be of interest. Further work on the effects of aspartame on a 713 

wider range of appetite-regulating hormones would be of value, with a focus on proposed mechanisms 714 

(22,23,116,131,132). Some value may also be gained from consideration of hormones that influence 715 

appetite only indirectly, e.g., epinephrine. Also of potential interest, are the possible differences in 716 

effects from different LCS. Studies where LCS are directly compared suggest some slight differences 717 

between LCS (29,132,139), likely as a result of their different chemical structures and metabolic fates 718 

(22,23). It will be important however, to ensure studies remain representative of everyday use, e.g., in 719 

dose, consumption patterns, in considering combinations of LCS, and in reference to the overall diet.  720 

 721 

5. CONCLUSIONS 722 

In conclusion, we found a considerable number of studies of relevance to our research questions, but 723 

these studies varied greatly in the methodology used, and the certainty of the evidence for all 724 

outcomes in all populations was considered to be ‘very low’. The majority of studies investigated 725 

blood glucose and insulin levels over the short term, and meta-analyses of these studies reveal no 726 

effects of aspartame when compared with vehicle or other LCS, and found lower blood glucose and 727 

insulin levels following aspartame compared with sugars. Medium- and long-term studies 728 
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demonstrate few effects of aspartame consumption regardless of comparator. Few medium- and long-729 

term studies however were found, and few studies assessed appetite-regulating hormones other than 730 

insulin. Further investigation of aspartame in comparison with other LCS would also be of value.  731 

 732 
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Table 1: Summary details of all included studies 

Experiment Focus Length Population N Aspartame with... Comparison Primary outcomes Secondary outcomes 

Studies with a Cross-over Design       

Abdallah et al 1997 

[49] 

Nutrition  <1 day  Lean, 

nonLCSC 

12 Other CHO (polydextrose) 

(tablet) 

Polydextrose (tablet); Sucrose (tablet) Glucose, Insulin, Glucagon   

Ahmad et al 2020 

[50] 

Nutrition  2 weeks Lean, 

nonLCSC 

19 Alone Sucralose Glucose, Insulin, GLP-1, 

Leptin, Fructosamine, 

HOMA-IR, HOMA- %B, 

HOMA-%S 

 

Akalp et al 2023 [51] Exercise & 

Nutrition 

<1 day  Trained, Lean 10 Alone Taurine Glucose   

Ali et al 2016 [52] Exercise & 

Nutrition 

<1 day  Trained 10 Alone (encapsulated) Caffeine (encapsulated) Glucose, Insulin   

Anton et al 2010 

[53] 

Nutrition <1 day  Lean; Obese 19; 

12 

Nutritive Stevia & nutritive; Sucrose & nutritive Glucose, Insulin Energy intake; Appetite - 

hunger; satiety; fullness; 

Adverse events 

Berlin et al 2005 

[54] 

Nutrition <1 day  Healthy  12 Alone Glucose 32.5g; Glucose 75g Glucose, Insulin   

Bird et al 2013 [55] Exercise & 

Nutrition 

<1 day  Trained 21 Alone Multi-nutrient supplement Glucose   

Bonnet et al 2018 

[56] 

Nutrition 12 weeks Lean or 

Overweight, 

LCSC 

60 Acesulfame K Water Glucose, Insulin, Matsuda 

Index, HOMA-IR, 

Insulinogenic Index, 

Disposition Index, Stumvoll 

Indices 

 Energy intake 

Bryant et al 2014  

[57] 

Nutrition <1 day  Healthy 10 Glucose Glucose; Glucose & Acesulfame K; 

Glucose & saccharin 

Glucose Appetite - hunger; fullness 

Bruce et al 1987 

[58] Experiment 2 

Nutrition <1 day  Lean 7 Alone; with dextrose Unflavoured gum & water vehicles; with 

dextrose  

Glucose, Insulin   

Bruce et al 1987 

[58] Experiment 3 

Nutrition <1 day  Lean 5 Alone  Water Glucose, Insulin   

Burns et al 1991 

[59] 

Nutrition <1 day  Healthy 8 Alone; Sucrose Unsweetened beverage; Sucrose Glucose, Insulin, Glucagon    

Carlson and Shah 

1988 [60] 

Nutrition <1 day  Healthy 16 Alone (encapsulated); 

Alone (rinse); Alone (drink) 

Aspartic acid (encapsulated); 

Phenylalanine 0.3g (encapsulated); 

Phenylalanine 1.0g (encapsulated) 

Glucose, Insulin   

Chong et al 2014 

[61] 

Exercise & 

Nutrition 

<1 day  Trained 12 Alone Glucose; Maltodextrin; Water Glucose   
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Experiment Focus Length Population N Aspartame with... Comparison Primary outcomes Secondary outcomes 

Chryssanthopou-los 

et al 2008 [62] 

Exercise & 

Nutrition ~ 

<1 day  Healthy 8 Alone (single dose) High CHO meal (single dose); High CHO 

meal (multiple doses) 

Glucose, Insulin Appetite - fullness 

Coggan and Coyle 

1989 [63] 

Exercise & 

Nutrition 

<1 day  Trained 6 Alone Glucose & sucrose Glucose, Insulin   

Colagiuri et al 1989 

[64] 
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Cuomo et al 2011 

[65] 
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carbonated) & variable 

nutritive (solid); 

Acesulfame K (non-

carbonated) & variable 

nutritive (liquid); 

Acesulfame K (carbonated) 

& variable nutritive (solid); 

Acesulfame K (carbonated) 

& variable nutritive (liquid) 

Water & variable nutritive (solid); 

Water & variable nutritive (liquid); 

Glucose, Ghrelin, 

Cholecystokinin 

Energy intake; Appetite - 

hunger; satiety; desire to 

eat; prospective 

consumption; Adverse 

events 

Fahey et al 1991 

[66] 

Exercise & 

Nutrition 

<1 day  Trained 5 Alone Polylactate (sodium lactate); Glucose 

polymer (maltodextrin) 

Glucose   

Finassi et al 2023 

[67] 

Nutrition <1 day  Healthy 15 Acesulfame K & Na 

cyclamate in diet drink; 

Acesulfame K & Na 

cyclamate in water; 

Sucrose in regular drink; Sucrose in 

water; water 

Insulin   

Fukuda et al 2010 

[68] 

Nutrition  <1 day  Mild 

untreated 

DM 

38 Acesulfame K & erythritol 

& nutritive - meal; sweets 

Sucrose & nutritive vehicle - meal; 

sweets; 

Glucose, Insulin  Adverse events 

Gam et al 2014 [69] Exercise & 

Nutrition 

<1 day  Trained 14 Alone Quinine; Water; Nothing Glucose   

Green et al 2001 

[70] 

Nutrition <1 day  Healthy 26 Alone & told placebo; 

Alone & told glucose 

Glucose & told placebo; Glucose & told 

glucose 

Glucose   

Hall et al 2003 [71] Nutrition <1 day  Healthy 6 Alone (encapsulated); & 

with Nutritive 

l-aspartic acid and l-phenylalanine 

(encapsulated); & with nutritive; Corn 

flour (encapsulated); & with nutritive 

Glucose, Insulin, GLP-1, GIP, 

Cholecystokinin 

Appetite - hunger, desire to 

eat; fullness 

Hargreaves & Briggs 

1988 [72] 

Exercise & 

Nutrition 

<1 day  Trained 5 Alone Glucose polymer (Polycose) Glucose, Insulin   

Horwitz et al 1988 

[73] 

Nutrition <1 day  Lean; NIDDM 12; 

10 

Alone (diet drink) Saccharin (diet drink); Diet drink Glucose, Insulin, Glucagon   Adverse events 

Karamanolis et al 

2011 [74] 

Exercise & 

Nutrition ~ 

<1 day  Trained 9 Alone Nutritive (low GI); Nutritive (high GI) Glucose, Insulin   
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Experiment Focus Length Population N Aspartame with... Comparison Primary outcomes Secondary outcomes 

Kashima et al 2019 

[75] 

Nutrition  <1 day  Healthy 9 Alone after water preload; 

Alone after Gymnema 

Sylvestre 

Glucose after water preload; Glucose 

after Gymnema Sylvestre 

Glucose, Insulin   

Kim et al 2020 [76]  Nutrition 2 weeks Healthy 50 Acesulfame K Water Glucose, Insulin, HOMA-IR, 

Stumvoll Index, Matsuda 

index 

 

Kimura et al 2017 

[77] 

Nutrition <1 day  Lean 13 Alone; with Nutritive d-allulose; with Nutritive Glucose, Insulin   

Kingwell et al 1989 

[78] 

Exercise & 

Nutrition 

<1 day  Trained, Lean 9 Alone Glucose polymer (Polycose) Glucose   

Koch et al 2001 [79] Exercise & 

Nutrition 

<1 day  Trained 10 Alone Carbohydrate (maltodextrin/ dextrose) 

solution (Gatorlode) 

Glucose   

Kumar et al 2019 

[80] 

Exercise & 

Nutrition 

<1 day  Trained; 

Healthy 

12; 

12 

Nutritive Caffeine & Nutritive; CHO & Nutritive; 

Caffeine+CHO & Nutritive 

Glucose   

Lapierre et al 1990 

[81] 

Nutrition <1 day  Healthy 14 Alone (encapsulated) & 

Nutritive 

Placebo (encapsulated) & nutritive Glucose Appetite – hunger; Adverse 

events 

Lehmann et al 2021 

[82] 

Nutrition <1 day  Post-bariatric 

Hypo-

glycaemia 

12 Alone Glucose Glucose Adverse events – 

hypoglycaemia symptoms 

Maersk, Belza, 

Holst, et al 2012 

[83] 

Nutrition <1 day  Overweight 

or Obesity 

24 Alone (diet cola) Regular cola; Milk; Water Glucose, Insulin, Ghrelin, 

GLP-1,GIP  

Energy intake; Appetite - 

hunger; fullness; prospective 

consumption; thirst 

Melanson et al 1999 

[84] 

Nutrition <1 day  Healthy 10 Alone with variable 

nutritive 

CHO drink with variable nutritive; High 

fat drink with variable nutritive 

Glucose Energy intake; Appetite - 

hunger; satiety; desire to eat 

Melchior et al 1991 

[85] 

Nutrition <1 day  Lean 10 Nutritive Nothing, Nutritive vehicle + Sucrose Glucose, Insulin Appetite; hunger 

Millard-Stafford et 

al 1992 [86] 

Exercise & 

Nutrition ~ 

<1 day  Trained; Lean 8 Alone Glucose polymers / fructose / 

electrolyte drink 

Glucose   

Moller 1991 [87] Nutrition <1 day  Healthy 6 Alone Water; Bovine albumin in water Glucose, Insulin   

Nassis et al 1998 

[88] 

Exercise & 

Nutrition 

<1 day  Trained 9 Alone Carbohydrate – electrolyte drink 

(Lucozade Sport) 

Glucose   

Nguyen et al 1998 

[89] 

Nutrition <1 day  Lean 7 Alone Glucose Glucose, Insulin   

Noriega et al 1997 

[90] Experiment 2 

Exercise & 

Nutrition ~ 

<1 day  Lean 6 Alone Rice; Bread Glucose, Insulin   

Okuno et al 1986 

[91] Single 

administration 

Nutrition <1 day  Healthy; 

untreated 

DM of 

7; 22 Alone Glucose Glucose, Insulin, Glucagon    
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Experiment Focus Length Population N Aspartame with... Comparison Primary outcomes Secondary outcomes 

differing 

degrees) 

Okuno et al 1986 

[91] Continuous 

administration 

Nutrition  2 weeks Untreated 

DM 

9 Alone Glucose Glucose   

Osterberg et al 1985 

[92] 

Exercise & 

Nutrition 

<1 day  Trained 15 Alone; Alone & 

electrolytes 

3% CHO & electrolytes; 6% CHO & 

electrolytes; 12% CHO & electrolytes; 

Glucose, Insulin   

Panahi et al 2013 

[93] 

Nutrition <1 day  Lean 32 Variable Nutritive (diet 

cola) 

Water & variable Nutritive, Milk & 

variable Nutritive, Orange juice & 

variable Nutritive, Regular cola & 

variable Nutritive 

Glucose Energy intake; Appetite - 

thirst; motivation to eat; 

desire to eat; hunger; 

fullness; prospective 

consumption. 

Pearson et al 2023 

[94] 

Nutrition <1 day  Healthy 8 Nutritive (diet cola) Regular cola & Nutritive; Water & 

Nutritive 

Glucose, Insulin Appetite - hunger; thirst; 

desire to eat; nausea; 

amount you could eat 

Prat-Larquemin et al 

2000 [95] 

Nutrition <1 day  Lean 24 Maltodextrin & Nutritive Maltodextrin & nutritive; Sucrose & 

nutritive 

Glucose, Insulin Appetite - hunger 

Preechasuk et al 

2023 [96] 

Nutrition 12 weeks NIDDM 16 Alone Allulose Glucose, Insulin, HOMA-IR, 

HbA1c, GLP-1, GIP, HOMA-B, 

Matsuda Index, Insulinogenic 

Index 

 Adverse events 

Rodin 1990 [97] Nutrition <1 day  Lean; 

Overweight 

12; 

12 

Alone (lemon-flavoured) Fructose (lemon-flavoured); Glucose 

(lemon-flavoured); Water 

Glucose, Insulin, Glucagon Energy intake 

Sathyapalan et al 

2015 [98] 

Nutrition   <1 day  Aspartame 

sensitive; 

non-sensitive 

53; 

49 

Nutritive Nutritive vehicle Glucose, Insulin, HOMA-IR, 

GLP-1, GIP 

Appetite – hunger; thirst; 

Adverse events 

Schiffman et al 1987 

[99] 

Nutrition  <1 day  Aspartame 

sensitive 

40 Alone (encapsulated) Cellulose placebo (encapsulated) Glucose, Insulin, Glucagon  Adverse events 

Shigeta et al 1985 

[100] Experiment 2a 

Nutrition <1 day  NIDDM 15 Alone Glucose Glucose, Insulin   

Short et al 1997 

[101] 

Exercise & 

Nutrition ~ 

<1 day  Trained 8 Alone 22.5g CHO (maltodextrin & dextrose); 

45g CHO; 75g CHO 

Glucose, Insulin   

Siegler et al 2012 

[102] 

Exercise & 

Nutrition ~ 

<1 day  Lean 9 Maltodextrin (A); 

Maltodextrin & sucrose 

(CA)  

Maltodextrin & sucrose (C); Water Glucose, Insulin   

Singleton et al 1999 

[103] 

Nutrition <1 day  Healthy 22 Nutritive (Dairy) Dairy vehicle, Dairy vehicle & fructose; 

Dairy vehicle & glucose 

Glucose, Insulin   
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Experiment Focus Length Population N Aspartame with... Comparison Primary outcomes Secondary outcomes 

Smeets et al 2005 

[104] 

Nutrition <1 day  Lean 5 Alone Glucose; Maltodextrin; Water Glucose, Insulin   

Soenen and 

Westerterp-

Plantenga 2007 

[105] Experiment 1 

Nutrition <1 day  Healthy 30 Acesulfame K & sodium 

cyclamate  

Sucrose; HFCS; Milk Glucose, Insulin, GLP-1, 

Ghrelin 

Appetite - hunger; satiety; 

fullness; desire to eat; 

prospective consumption 

Solomi et al 2019 

[106] 

Nutrition <1 day  Lean or 

Overweight 

10 Acesulfame K (diet cola) & 

glucose 

Glucose (water); Sucrose (regular cola) Glucose   

Sorrentino et al 

2020 [107] 

Nutrition <1 day  Lean 12 Alone Erythritol Ghrelin Appetite - hunger; satisfied; 

fullness; desire to eat; desire 

for sweet; desire for salt; 

desire for savoury; desire for 

fatty 

Spiers et al 1998 

[108] 

Nutrition 20 days Healthy 48 Alone (soda & 

encapsulated) - High dose 

(45mg/kg BW/d) or Low 

dose (15mg/kg BW/d) 

Sucrose (soda & encapsulated); Placebo 

(unsweetened soda & cellulose & silicon 

dioxide capsules) 

Glucose, Insulin  Adverse events 

Stannard et al 2000 

[109] 

Exercise & 

Nutrition ~ 

<1 day  Trained 10 Alone (diet drink) Glucose (water); Food item Glucose   

Steinert et al 2011 

[110] Full Study 

Nutrition <1 day  Lean 12 Alone (intragastric) Acesulfame K (intragastric); Sucralose 

(intragastric); Fructose (intragastric); 

Glucose (intragastric); Water 

(intragastric) 

Glucose, Insulin, GLP-1, 

Ghrelin, PYY, Glucagon 

Appetite - hunger; satiety; 

fullness; Adverse events 

Sturm et al 2004 

[111] 

Nutrition <1 day  Young; Older 12; 

12 

Nutritive (250 kcal yoghurt 

drink) 

Nutritive (750 kcal yoghurt drink); 

Water 

Glucose, Insulin, 

Cholecystokinin 

Energy intake, Appetite - 

hunger; fullness 

Sylvetsky et al 2016 

[112] Study Arm 2 

Nutrition <1 day  Healthy 31 Sucralose (18 mg) & 

acesulfame-K (18mg) in 

diet drink & Glucose  

Sucralose (68mg) & acesulfame-K 

(41mg) in diet drink & Glucose; 

Sucralose (68mg) & acesulfame-K 

(41mg) in seltzer water & Glucose; 

Seltzer water & Glucose 

Glucose, Insulin, GLP-1, GIP  Appetite - hunger; satiety 

Tamis-Jortberg et al 

1996 [113] 

Exercise & 

Nutrition 

<1 day  DM, NIDDM 25 Alone & electrolytes Glucose polymers, fructose & 

electrolytes 

Glucose, Insulin   

Teff 2010 [114] 

Experiment 3 

Nutrition <1 day  Lean 12 1g dose & nutritive 

(tasted, not ingested); 20g 

dose & nutritive (tasted, 

not ingested) 

0.6g salt & nutritive (tasted, not 

ingested), 6g salt & nutritive (tasted, 

not ingested), Nothing 

Glucose, Insulin, Pancreatic 

polypeptide 
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Experiment Focus Length Population N Aspartame with... Comparison Primary outcomes Secondary outcomes 

Teff et al 1995 [115] 

Experiment 1  

Nutrition <1 day  LCSC 15 Alone (tasted, not 

ingested, 1min exposure) 

Water; Saccharin; Sucrose; Food item 

(all tasted, not ingested, 1min 

exposure) 

Glucose, Insulin   

Teff et al 1995 [115] 

Experiment 2 

Nutrition <1 day  Healthy 16 Alone (tasted, not 

ingested, 3min exposure) 

Water; Saccharin; Sucrose; Food item 

(all tasted, not ingested, 3min 

exposure) 

Glucose, Insulin   

Temizkan et al 2015 

[116] 

Nutrition <1 day  Healthy; 

NIDDM 

8; 8 Glucose Sucralose & Glucose; Water & Glucose Glucose, Insulin, GLP-1   

Tey et al 2017 [117] Nutrition <1 day  Lean 31 Alone; with variable 

nutritive 

Stevia; Sucrose; Monk fruit; all with 

variable nutritive 

Glucose, Insulin Energy intake; Appetite - 

hunger; desire to eat; 

fullness; prospective 

consumption 

Warwick et al 1993 

[118] 

Nutrition <1 day  Lean 15 Tasty high CHO food item; 

Tasty high fat food item 

Bland high CHO food item; Bland high 

fat food item 

Glucose Energy intake; Appetite - 

hunger; fullness 

Wax et al 2013 

[119] 

Exercise & 

Nutrition ~ 

<1 day  Trained 6 Saccharin CHO Glucose   

Wolf-Novak et al 

1990 [120] 

Nutrition <1 day  Healthy; 

PKU 

7; 7 Alone; CHO beverage Unsweetened vehicle; CHO beverage 

vehicle 

Glucose, Insulin   

Wouassi et al 1997 

[121] 

Exercise & 

Nutrition ~ 

<1 day  Healthy 7 Alone Glucose Glucose, Insulin, Glucagon   

Studies with a Parallel-groups Design      

Benton & Owens 

1993 [122] 

Experiment 1 

Nutrition   <1 day  Healthy 153 Acesulfame K Glucose Glucose   

Benton & Owens 

1993 [122] 

Experiment 2 

Nutrition   <1 day  Healthy 53 Acesulfame K Glucose Glucose   

Ebbeling et al 2020 

[123] 

Nutrition 12 

months 

Lean, 

Overweight 

or Obesity 

203 Other LCS (Diet drinks) Sugar-sweetened drinks; Water Glucose, Insulin, HOMA-%B, 

HOMA-%S 

Energy intake; Adverse 

events 

Engel et al 2018 

[124, (125,135)] 

Nutrition 6 months Overweight 

or Obesity 

73 Alone (Diet cola) Sucrose-sweetened cola; Water; Milk Glucose, Insulin (fasting, 

OGTT), HOMA-IR, Matsuda 

Index, Leptin 

Energy Intake 

Finley et al 2019 

[126] 

Nutrition <1 day  Healthy 371 Alone ingested Glucose ingested; Glucose tasted, but 

not ingested 

Glucose   

Gozal et al 1985 

[127] 

Exercise & 

Nutrition 

<1 day  Trained  26 Alone orally  Glucose intravenously; Glucose orally Glucose, Insulin, Glucagon   
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Experiment Focus Length Population N Aspartame with... Comparison Primary outcomes Secondary outcomes 

Harrold et al 2024 

[128] 

Nutrition 52 weeks Overweight 

or Obesity, 

LCSC 

493 Other LCS (Diet drinks) Water Glucose, Insulin, HbA1c Appetite - hunger 

Hieronimus et al 

2024 [130, 

(129,142,143)] 

Nutrition 16 days Lean, 

Overweight 

or Obesity 

187 Alone; 10%Ereq High 

Fructose Corn Syrup 

(HFCS) 

17.5%Ereq HFCS; 17.5%Ereq Fructose; 

25%Ereq HFCS; 25%Ereq Fructose; 

25%Ereq Glucose; 25%Ereq Sucrose 

Glucose, Insulin (fasting; 

24hr; OGTT, amplitudes), 

HOMA-IR Matsuda Index, 

Predicted M Index, Stumvoll 

Index, Surrogate hepatic IR 

Index, Leptin 

Energy intake 

Higgins et al 2018 

[131] 

Nutrition 12 weeks Lean, non-

LCSC 

100 Dextrose + 350mg dose; 

Dextrose + 1050mg dose 

(some encapsulated) 

Dextrose vehicle Glucose, Insulin (fasting, 

OGTT), HbA1c, GLP-1, GIP, 

Leptin 

Appetite - hunger; desire to 

eat; thirst; prospective 

consumption; fullness; 

preoccupation with food 

Higgins and Mattes 

2019 [132] 

Nutrition 12 weeks Overweight 

or Obesity, 

non-LCSC 

154 Alone Sucrose; Saccharin; Rebaudioside A; 

Sucralose 

Glucose, Insulin (fasting, 

OGTT), HbA1c 

Energy intake; Appetite - 

hunger; fullness; desire to 

eat; prospective 

consumption; thirst; 

preoccupation with food 

Kendig et al 2023 

[133] 

Nutrition 12 weeks Lean or 

Overweight 

118 Acesulfame K & Sucralose 

(Diet Soda) 

Water; Sucrose-sweetened soda Glucose (OGTT)   

Knopp et al 1976 

[134] 

Nutrition 13 weeks Overweight 59 Alone (encapsulated) Lactose (encapsulated) Glucose, Insulin, Glucagon Adverse events  

Markus and Rogers 

2020 [136] 

Experiment 1 

Nutrition <1 day  Healthy 90 Alone Sucrose; Milk Glucose Appetite – hunger; fullness; 

desire to eat a meal; desire 

to eat a snack; Adverse 

events – hypoglycaemia 

symptoms 

Martin and Benton 

1999 [137] 

Nutrition  <1 day  Healthy 80 

 

Saccharin; Saccharin & 

nutritive 

Glucose; Glucose & nutritive Glucose   

Nehrling et al 1985 

[138] 

Nutrition 18 weeks NIDDM & 

IDDM 

62 Alone (encapsulated) Corn starch (encapsulated) Glucose, Glycated 

Haemoglobin (HbA1c) 

 Adverse events 

Orku et al 2023 

[139] 

Nutrition 4 weeks Lean, non-

LCSC 

48 Acesulfame K Saccharin; Sucralose; Water Glucose, Insulin (fasting; 

OGTT), HOMA-IR, HbA1c, 

GLP-1, Matsuda Index  

Energy intake 

Peters et al 2016 

[140] 

Nutrition 52 weeks Overweight 

or Obesity, 

LCSC  

303 Other LCS Water Glucose (fasting) Appetite - hunger 
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Experiment Focus Length Population N Aspartame with... Comparison Primary outcomes Secondary outcomes 

Sorensen et al 2005 

[144,(141)] 

Nutrition 10 weeks Overweight 41 Cyclamate, Acesulfame K 

& Saccharin + nutritive 

(foods and drinks) 

Sucrose + nutritive (foods and drinks) Glucose, Insulin, HOMA-IR Energy intake; Appetite - 

hunger; fullness; diurnal 

Suez et al 2022 

[145] 

Nutrition 14 days Lean or 

Overweight, 

non-LCSC 

131 Glucose Saccharin & glucose; Sucralose & 

glucose; Stevia & glucose; Glucose 

Alone; Nothing 

Glucose, Insulin (OGTT), 

CGM (CoV)), HbA1c, GLP-1 

Energy intake 

Sunram-Lea et al 

2001 [146] 

Nutrition <1 day  Lean or 

Overweight 

60 Alone fasting; Alone 2hr 

post breakfast; Alone 2hr 

post lunch 

Glucose fasting; Glucose 2hr post 

breakfast; Glucose 2hr post lunch 

Glucose   

Sunram-Lea et al 

2004 [147] 

Nutrition  <1 day  Healthy 40 Nutritive fat-free; 

Nutritive full-fat 

Glucose & nutritive fat-free; Glucose & 

nutritive full fat 

Glucose   

Virkkunen et al 1994 

[148]  

Nutrition <1 day  Healthy; 

Antisocial 

disorder; 

Explosive 

disorder; 

non-

impulsive 

disorders 

79 

 

Alone Glucose Glucose, Insulin, Glucagon    

Wise et al 1989 

[149] 

Nutrition 5 days IDDM, Lean 16 Nutritive Sucrose & nutritive Glucose, Fructosamine   

 
Type: Nutrition - the focus of the study was on nutritional aspects; Exercise & Nutrition – the study aims to explore the impact of exercise and nutrition; ~ study involving exercise, but with 
some readings pre-exercise unaffected by exercise; Length: lasting 1 day or less, classified for analyses as acute; 2 - 30 days, classified for analyses as medium-term; > 30 days, classified for 
analyses as long-term; Population: Body weight, usual LCS use, diabetes, PKU are given if stipulated as inclusion criteria, all participants were otherwise healthy; LCSC: low-calorie-sweetener 
consumer; non-LCSC: non-, rare or irregular low-calorie-sweetener consumer; DM: diabetes mellitus; IDDM: insulin-dependent diabetes mellitus; NIDDM: non-insulin-dependent diabetes 
mellitus; PKU: phenylketonuria; Aspartame with …: Alone - refers to zero kcal delivery; Other LCS – specified if given; Sugars – specified if given; Nutritive - delivery includes calories, e.g. as 
part of a milkshake, food item; CHO – carbohydrate; Outcomes – CCK: cholesystokinin; GLP-1: glucagon like peptide-1; GIP: glucose dependent insulinotropic peptide; HbA1c: Haemoglobin 
A1C (average blood glucose measures over the past 2-3 months); HOMA-%B: Homeostatic Model Assessment for Beta-cell function; HOMA-IR: Homeostatic Model Assessment for Insulin 
Resistance; HOMA-%S: Homeostatic Model Assessment for Insulin Sensitivity; OGTT: Oral Glucose Tolerance Test; Predicted M Index: PYY: Polypeptide Tyrosine Tyrosine; CGM (CoV): 
Continuous Glucose Monitoring (Coefficients of Variance).  
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Table 2: Parallel-groups nutritional studies of an acute duration, by intervention and comparator, to demonstrate outcomes assessed and effects of aspartame 

(↑ increase compared to comparator; ↓ decrease compared to comparator; ↔ no difference compared with comparator; NR – effects / results not reported) 

 
Aspartame with … Outcomes 

 Comparator Glucose Insulin Glucagon 

Alone  

 Glucose 4 studies ↓ [126,146] 
1 study NR [148]  

1 study NR [148] 1 study NR [148] 

 Sucrose 1 study ↓ [136]   

Other NNS – Acesulfame K 

 Glucose 2 studies ↓ [122]   

Other NNS – Saccharin 

 Glucose 1 study ↓ [137]   

Nutritive 

 Glucose + Nutritive 2 studies ↓ [147]   

Saccharin + Nutritive 

 Glucose + Nutritive 1 study ↓ [137]   
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Table 3: Parallel-groups nutritional studies of a duration of 2 - 30 days, by intervention and comparator, to demonstrate outcomes assessed and effects of 

aspartame (↑ increase compared to comparator; ↓ decrease compared to comparator; ↔ no difference compared with comparator; NR – effects not reported)  

 
Aspartame with … Outcomes 

 Comparator Glucose Insulin HOMA-IR Leptin HbA1c GLP-1 Matsuda Index 

Alone  

 Glucose 1 study ↓ [130]* 1 study ↓ [130]* 1 study ↔ [130] 1 study ↔ 
[130] 

  1 study ↔ 
[130]** 

 Fructose 1 study ↑ [130],  
1 study ↔ [130]* 

1 study ↑ [130],  
1 study ↔ [130]* 

2 studies ↔ 
[130] 

1 study ↑ [130]   1 study ↑ [130]** 

 High Fructose Corn Syrup 2 studies ↓ [130]* 1 study ↓ [130] 
1 study ↔ [130]* 

2 studies ↔ 
[130] 

1 study ↔ 
[130] 

  2 studies ↑ 
[130]** 

 Sucrose 1 study ↔ [130] 1 study ↓ [130] 1 study ↔ [130] 1 study ↔ 
[130] 

  1 study ↑ [130]** 

Other LCS – Acesulfame K 

 Saccharin 1 study ↓ [139]# 1 study ↔ [139] 1 study ↔ [139]  1 study ↔ [139] 1 study ↔ [139] 1 study ↔ [139] 

 Sucralose 1 study ↔ [139] 1 study ↑ [139]# 1 study ↔ [139]  1 study ↔ [139] 1 study ↔ [139] 1 study ↔ [139] 

 Water 1 study ↔ [139] 1 study ↔ [139] 1 study ↔ [139]  1 study ↔ [139] 1 study ↔ [139] 1 study ↔ [139] 

Sugars – Glucose 

 Glucose 1 study ↔ [145] 1 study ↔ [145]   1 study ↔ [145] 1 study ↔ [145]  

 Nothing 1 study ↔ [145] 1 study ↔ [145]   1 study ↔ [145] 1 study ↔ [145]  

 Saccharin + Glucose 1 study NR [145] 1 study NR [145]   1 study NR [145] 1 study NR [145]  

 Sucralose + Glucose 1 study NR [145] 1 study NR [145]   1 study NR [145] 1 study NR [145]  

 Stevia + Glucose 1 study NR [145] 1 study NR [145]   1 study NR [145] 1 study NR [145]  

Sugars – High fructose corn syrup 

 High Fructose Corn Syrup 2 studies ↔ [130]* 2 studies ↔ [130]* 2 studies ↔ 
[130] 

   2 studies ↔ 
[130] 

Outcomes –GLP-1: glucagon like peptide-1; HbA1c: Haemoglobin A1C (average blood glucose measures over the past 2-3 months); Homeostatic Model Assessment for Insulin Resistance; 
Note: some inconsistent effects are reported in articles 129,130,142,143, dependent on measure/s used and comparator/s used for analyses, and a tendency to report significant effects 
rather than all results; * - similar, but some inconsistent effects found in Amplitudes of Glucose and Insulin responses; ** - similar, but some inconsistent effects reported in Predicted M 
Index, Stumvoll Index and Surrogate Hepatic IR Index; Some inconsistent effects reported in article 139, dependent on measure used # effects found in some measures only; Analyses in article 
145 are unclear, results are reported for analyses between each LCS vs glucose vehicle and nothing only.  
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Table 4: Parallel-groups nutritional studies of a duration of > 30 days, by intervention and comparator, to demonstrate outcomes assessed and effects of 

aspartame (↑ increase compared to comparator; ↓ decrease compared to comparator; ↔ no difference compared with comparator; NR – effects not reported). 

 
Aspartame with … Outcomes 

 Comparator Glucose Insulin HOMA-IR / 
HOMA-%B / 
HOMA-%S 

Leptin HbA1c Matsuda Index GLP-1 GIP Glucagon 

Alone  

 Water / Nothing 1 study ↔ 
[124] 

1 study ↔ 
[124] 

1 study ↔ 
[124] 

1 study ↔ 
[124] 

 1 study ↔ 
[124] 

   

 Saccharin 1 study ↔ 
[132] 

1 study ↔ 
[132] 

  1 study ↔ 
[132] 

    

 Sucralose 1 study ↔ 
[132] 

1 study ↔ 
[132] 

  1 study ↔ 
[132] 

    

 Rebaudioside A 1 study ↔ 
[132] 

1 study ↔ 
[132] 

  1 study ↔ 
[132] 

    

 Sucrose / Sucrose-
sweetened drinks  

2 studies ↔ 
[124,132] 

2 studies ↔ 
[124,132] 

1 study ↔ 
[124] 

1 study ↔ 
[124] 

1 study ↔ 
[132] 

1 study ↔ 
[124] 

   

Alone (encapsulated [132]) 

 Lactose 1 study ↔ 
[134] 

1 study ↔ 
[134] 

      1 study ↔ 
[134] 

Other LCS – Non-specific 

 Water / Nothing 3 studies ↔ 
[123, 128, 140] 

2 studies ↔ 
[123, 128] 

1 study ↔ 
[123] 

 1 study ↔ 
[128] 

    

 Sucrose-sweetened 
drinks 

1 study ↔ 
[123] 

1 study ↔ 
[123] 

1 study ↔ 
[123] 

      

Other LCS – Acesulfame K & Sucralose 

 Water / Nothing 1 study ↔ 
[133] 

        

 Sucrose-sweetened 
drinks 

1 study ↔ 
[133] 

        

Other LCS + Nutritive – Acesulfame K, Cyclamate & Saccharin in foods & drinks 

 Sucrose-sweetened 
foods & drinks 

1 study NR 
[144] 

1 study NR 
[144] 

1 study ↔ 
[144] 

      

Carbohydrate / Dextrose  

 Dextrose vehicle 2 studies ↔ 
[131] 

2 studies ↔ 
[131] 

 2 studies ↔ 
[131] 

2 studies ↔ 
[131] 

 2 studies 
↔ [131] 

2 studies 
↔ [131] 

 

Outcomes – GLP-1: glucagon like peptide-1; GIP: glucose dependent insulinotropic peptide; HbA1c: Haemoglobin A1C (average blood glucose measures over the past 2-3 months); HOMA-IR: 
Homeostatic Model Assessment for Insulin Resistance; HOMA-%B: Homeostatic Model Assessment for Beta-cell function; HOMA-%S: Homeostatic Model Assessment for Insulin Sensitivity.  
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Table 5: Judgements of the certainty of the evidence for all primary outcomes, in healthy populations (lean, with overweight, with obesity), based on the 

GRADE criteria.  

Healthy populations, lean, with overweight, with obesity  

Certainty assessment № of participants Effect 

Certainty № of 
experiments 

Study 
design 

Risk of bias 
Inconsiste

ncy 
Indirectnes

s 
Imprecision 

Other 
consideratio

ns 
Aspartame 

Any 
compara

tor 

Relativ
e 

(95% 
CI) 

Absolute 
(95% CI) 

Glucose responses, aspartame administered alone, < 1 day 

23 cross-
over 

studies 

seriousa seriousb not serious seriousc publication 
bias strongly 
suspectedd 

248 248 - SMD 0.71 SD lower 
(0.96 lower to 0.46 lower) 

Lower compared with sugars, 
carbohydartes or nutritive, no effects 

compared with vehicle or LCS. 

⨁◯◯◯ 
Very lowa,b,c,d 

Glucose responses, aspartame with nutritive element, < 1 day 

14 cross-
over 

studies 

seriousa seriousb not serious seriousc none 218 218 - SMD 0.02 SD lower 
(0.22 lower to 0.18 higher) 

No effects compared with sugars,  
nutritive, vehicle or LCS. 

⨁◯◯◯ 
Very lowa,b,c 

Glucose responses, all other administrations 

17 cross-
over 

studies 

seriousa seriousb not  serious not 
estimablee 

not 
estimablee 

354 354 - Lower compared with sugars, 
carbohydrates or nutritive, no effects 
compared with vehicle or LCS (acute). 

No effects in the medium- or long-
term. 

⨁◯◯◯ 
Very lowa,b,e 

20 parallel-
groups 
studies 

seriousa seriousb not serious not 
estimablee 

not 
estimablee 

1131 1528 - Lower compared with sugars or 
nutritive (acute). No or inconsistent 

effects in the medium-term. No effects 
in the long-term. 

⨁◯◯◯ 
Very lowa,b,e 

Insulin responses, aspartame administered alone, < 1 day 
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Certainty assessment № of participants Effect 

Certainty № of 
experiments 

Study 
design 

Risk of bias 
Inconsiste

ncy 
Indirectnes

s 
Imprecision 

Other 
consideratio

ns 
Aspartame 

Any 
compara

tor 

Relativ
e 

(95% 
CI) 

Absolute 
(95% CI) 

21 cross-
over 

studies 

seriousa seriousb not serious seriousc publication 
bias strongly 
suspectedd 

214 214 - SMD 1.12 SD lower 
(1.62 lower to 0.62 lower) 

Lower compared with sugars, 
carbohydrates or nutritive, no effects 

compared with vehicle, higher 
compared with LCS. 

⨁◯◯◯ 
Very lowa,b,c,d 

Insulin responses, aspartame with nutritive element, < 1 day 

13 cross-
over 

studies 

seriousa seriousb not serious seriousc none 208 208 - SMD 0.07 SD lower 
(0.26 lower to 0.12 higher) 

Lower compared with sugars + 
nutritive, no effects compared with 

sugars, vehicle or LCS. 

⨁◯◯◯ 
Very lowa,b,c 

Insulin responses, all other administrations 

17 cross-
over 

studies 

seriousa seriousb not serious not 
estimablee 

not 
estimablee 

353 353 - Lower compared with sugars, 
carbohydrates or nutritive, no effects 
compared with vehicle or LCS (acute). 

No effects in the medium- or long-
term. 

⨁◯◯◯ 
Very lowa,b,e 

11 parallel-
groups 
studies 

seriousa seriousb not serious not 
estimablee 

not 
estimablee 

595 918 - No or inconsistent effects in the 
medium-term. No effects in the long-

term. 

⨁◯◯◯ 
Very lowa,b,e 

All other outcomes1, all administrations of aspartame 

22 cross-
over 

studies 

seriousa seriousb not serious not 
estimablef 

not 
estimablef 

466 466 - No or inconsistent effects in acute. No 
effects in the medium- or long-term. 

⨁◯◯◯ 
Very lowa,b,f 

11 parallel-
groups 
studies 

seriousa seriousb not serious not 
estimablef 

not 
estimablef 

605 954 - No or inconsistent effects in acute. No 
effects in the medium- or long-term. 

⨁◯◯◯ 
Very lowa,b,f 
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CI: confidence interval; SMD: standardised mean difference; 1 includes long-term measures of glucose levels (HbA1c, fructosamine) and measures of insulin sensitivity. 
Explanations 
a. Some concerns in the majority of studies 
b. Wide variation in study methodology 
c. Wide heterogeneity between study findings 
d. Possible publication bias detected 
e. Not estimable given the low number of studies and wide variation in study methodology 
f. Not estimable given the wide variation in study methodology and variation in outcomes assessed 
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Table 6: Judgements of the certainty of the evidence for all primary outcomes, in aspartame-sensitive populations, based on the GRADE criteria.  

Aspartame-sensitive populations  

Certainty assessment № of participants Effect 

Certainty № of 
experiments 

Study 
design 

Risk of bias Inconsistency Indirectness Imprecision 
Other 

considerations 
Aspartame 

Any 
comparator 

Relative 
(95% CI) 

Absolute 
(95% CI) 

All outcomes, all administrations of aspartame 

3 cross-
over 

studies 

seriousa seriousb not serious not estimablec not estimablec 100 100 - No or inconsistent effects ⨁◯◯◯ 
Very lowa,b,c 

 
Explanations 
a. Some concerns in the majority of studies 
b. Wide variation in study methodology 
c. Not estimable given the low number of studies, wide variation in study methodology and variation in outcomes assessed 
  

Jo
urn

al 
Pre-

pro
of



69 
 

Table 7: Judgements of the certainty of the evidence for all primary outcomes, in populations with compromised glucose metabolism: mild, untreated, DM, 

NIDDM, IDDM, based on the GRADE criteria. 

  
Populations with compromised glucose metabolism: mild, untreated, DM, NIDDM, IDDM 

Certainty assessment № of participants Effect 

Certainty № of 
experiments 

Study 
design 

Risk of 
bias 

Inconsist
ency 

Indirectness Imprecision 
Other 

consideratio
ns 

Aspartame 
Any 

comparator 
Relative 
(95% CI) 

Absolute 
(95% CI) 

All outcomes, all administrations of aspartame 

9 cross-
over 

studies 

seriousa seriousb not serious not 
estimablec 

not 
estimablec 

139 139 - Lower compared with 
sugars or nutritive, no 
effects compared with 

vehicle or LCS (acute). No 
effects in the medium- or 

long-term. 

⨁◯◯◯ 
Very lowa,b,c 

2 parallel-
groups 
studies 

seriousa seriousb not serious not 
estimablec 

not 
estimablec 

37 41 - No effects in the medium- 
or long-term. 

⨁◯◯◯ 
Very lowa,b,c 

 
Explanations 
a. Some concerns in the majority of studies 
b. Wide variation in study methodology 
c. Not estimable given the low number of studies, wide variation in study methodology and variation in outcomes assessed 
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Figure Legends 

 

Figure 1: PRISMA Diagram  

* Includes article record not found (n = 7), full study article not available (n = 11), and article not retrieved due to copyright (n = 1). ** Where data on aspartame use was 

unavailable or unclear, clarification was sought from authors. Studies were only included if authors responded by the 30th September 2024 with confirmation of aspartame 

use.  

 

Figure 2: Forest Plot for meta-analysis 1 investigating the effects of aspartame administered alone on glucose responses in healthy individuals (cross-over 

studies). Individual studies are represented by the blue boxes, combined effects are represented by the diamonds. The x-axis demonstrates the effect size, in 

standard deviations, as calculated using Hedges’ adjusted g. Studies on the 0 line demonstrate no differences between aspartame and comparator, studies to 

the right of the 0 line demonstrate greater responses to aspartame, studies to the left of the 0 line demonstrate reduced responses to aspartame / increased 

responses to comparator.  

 

Figure 3: Forest Plot for meta-analysis 3 investigating the effects of aspartame administered alone on insulin responses in healthy individuals (cross-over 

studies). Individual studies are represented by the blue boxes, combined effects are represented by the diamonds. The x-axis demonstrates the effect size, in 

standard deviations, as calculated using Hedges’ adjusted g. Studies on the 0 line demonstrate no differences between aspartame and comparator, studies to 

the right of the 0 line demonstrate greater responses to aspartame, studies to the left of the 0 line demonstrate reduced responses to aspartame / increased 

responses to comparator. 
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Records identified (n = 11796) 

Pubmed = 3747 
Medline = 5506 
Cinahl = 999 
Web of science = 1094 
Cochrane Library = 450 

Id
en

tifi
ca

tio
n 

Sc
re

en
in

g 
In

cl
ud

ed
 

Identification of studies via databases and registers 

Additional records identified     
(n = 45) 

Trial registers = 10 
Citation searching = 23 
Full papers of already identified 
abstracts = 12 

Records removed before 
screening (n = 2298) 

Duplicate records (n = 2298) 

 

Records screened  
(n = 9498) 
 

Records sought for retrieval (n = 435) 

Original searches (n = 417) 
Additional methods (n = 18) 
 

Full text reports assessed for 
eligibility (n = 416) 

 

Records excluded  
(n = 9108) 
 

Reports excluded (n = 315) 

Study design = 36 
Non-human = 2 
No aspartame/comparator = 135 
No relevant outcome = 17 
Duplicate = 26 
Paper not in English = 6 
Unavailable / unclear on 
aspartame use = 93** 
 

Articles included in the review (n = 101) 

Reports not retrieved (n = 19) * 
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