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THESIS ABSTRACT 

This thesis evaluated the metabolic effects of natural sugars, refined sugars and low-

calorie sweeteners in healthy individuals. Two narrative reviews, one comprehensive 

critical review and one experimental study were conducted. The first narrative review 

examined the metabolic health effects associated with the consumption of both sugar-

sweetened beverages and natural fruit juices. Specifically, it summarized the physiology of 

glucose and fructose metabolism and their distinct impacts on metabolic health, with 

particular emphasis on blood lipid profiles. However, the limited evidence on metabolic 

effects beyond systemic low-grade inflammation, combined with significant discrepancies 

in study designs and measured outcomes, prevents the formulation of evidence-based 

recommendations regarding whether fruit juices represent healthier alternatives to sugar-

sweetened beverages. The second article reviewed the potential metabolic health effects 

associated with low-calorie sweetener consumption, also an alternative to sugar-

sweetened beverages. Aimed at informing physicians and clinicians, it provided a concise 

overview of the available evidence in French, thereby contributing to knowledge 

dissemination and enhancing scientific accessibility within francophone communities. 

Since the publication of this narrative review, substantial new evidence has emerged 

examining the effects of low-calorie sweeteners, particularly sucralose, on glucose 

homeostasis and gut microbiota. To contextualize and deepen these findings, the third 

article presents a comprehensive and critical synthesis of current evidence specifically 

addressing the cumulative effects of sucralose consumption on postprandial glycemic 

responses in humans. Furthermore, it explores the potential role of gut microbiota 

composition and functionality in mediating metabolic outcomes. Building on the 

mechanistic insights and study limitations synthesized in this critical review, the fourth 

article presents a randomized controlled trial designed under real-world conditions to 

evaluate the cumulative effects of sucralose consumption on postprandial glycemic 

responses and related physiological mechanisms in healthy adults (NARELO study). These 

potential mechanisms included alterations in gut microbiota profiles, intestinal barrier 
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permeability and systemic low-grade inflammation. In this study, we demonstrated that the 

realistic consumption of sucralose-sweetened beverages for 21 days impairs postprandial 

glycemic responses in healthy adults compared to sugar-sweetened beverages (PBonf = 

0.040), in the absence of significant changes in insulin concentrations, body composition, 

gut microbiota composition, fecal concentrations of SCFAs and BCFAs, and plasmatic 

biomarkers of intestinal permeability and systemic low-grade inflammation. Clinically, 

postprandial glycemic responses were 8.4% higher following the three-week consumption 

of sucralose-sweetened beverages, based on estimated marginal means (baseline: 5.00 

mmol/L, 95% CI 4.36–5.64; post-intervention: 5.42 mmol/L, 95% CI 4.78–6.06). Further, we 

also explored whether free sugars derived from natural sources elicit distinct metabolic 

responses compared with refined sugars. To this end, 100% natural fruit juice was included 

as an exploratory comparator. No meaningful differences were observed in glucose 

tolerance when comparing natural fruit juice to sugar-sweetened beverages. Collectively, 

the findings of this thesis challenge the prevailing assumption that low-calorie sweeteners 

are physiologically inert, emphasizing the need for compound-specific evaluation as the 

food industry advances toward the next generation of sweeteners. Although a definitive 

mechanistic explanation remains elusive, the work presented herein considerably 

advances our understanding of the potential long-term effects of low-calorie sweeteners 

on glucose homeostasis. Overall, this thesis provides critical evidence on the metabolic 

impacts of natural sugars, refined sugars, and low-calorie sweeteners, offering valuable 

insights to inform public health guidelines.
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CHAPTER I. Introduction 

Rationale 

In Canada, the top source of free sugar consumption comes from beverages including 

sugar-sweetened beverages (SSB) and fruit juices (FJ)2. Free sugars are defined as any types 

of simple sugars added to beverages or food products as part of their transformation by 

food industries or preparation by the consumer, in addition to sugars naturally present in FJ, 

FJ concentrates, honey, and various syrups3. While compelling evidence links the 

consumption of SSB to increased risks of noncommunicable diseases3, the evidence 

regarding natural FJ remains elusive4. Although FJ are often perceived as healthier 

alternatives, they contain a similar free sugar profile to that of SSB and typically lack the 

dietary fiber found in whole fruits5. Consequently, their consumption could theoretically 

induce adverse metabolic outcomes comparable to those associated with sugar-

sweetened beverages. 

Article 1 (narrative review - published): This rationale formed the foundation of the first 

article of this thesis, which examined the metabolic health effects associated with the 

consumption of both SSB and natural FJ. This narrative review was developed through a 

collaborative effort with Dr. Kimber L. Stanhope, as part of a doctoral research internship I 

undertook in her laboratory at the University of California, Davis campus (United States). 

Specifically, it summarized the physiology of glucose and fructose metabolism and their 

effects on metabolic health, with a particular focus on blood lipids.  

The well-established evidence linking the consumption of SSB to adverse metabolic effects 

and increased risks of noncommunicable diseases3 prompted public health instances to 

implement regulations aimed at reducing free sugar consumption6,7. Reflecting these 

efforts, free sugar intake from beverages has declined in North America over the past 

decade8,9, although this trend does not necessarily indicate a decline in preference for 

sweetness. In contrast, the global market for low-calorie sweeteners (LCS) has 

experienced steady growth, with projected revenues between 2025 and 2030 estimated to 
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rise by 43% and reach a global market value of 39.4 billion $USD10. At present, the North 

American food industry primarily incorporates LCS into beverages rather than solid food 

products. However, a shift toward substituting sucrose with LCS in solid food products is 

anticipated following the implementation of Canada’s front-of-package labelling 

regulations in January 20267. This expectation is based on trends observed in countries that 

have adopted similar policies11, where LCS consumption increased as the food industry 

engaged in extensive product reformulation in a strategic effort to mitigate the impact of 

such regulatory measures. LCS such as aspartame, acesulfame K, saccharin, sucralose 

and stevia offer the sweetness of sugar with fewer or no calories. For many years following 

their approval as food additives, the observation that these compounds are not 

metabolized for energy continued to support the assumption that they were physiologically 

inert.  

Article 2 (narrative review - published): The second article presented herein is a narrative 

review summarizing key findings on the potential impacts of LCS on metabolic health. 

Aimed at informing physicians and clinicians, this work consolidated foundational 

knowledge and offered a concise overview of the evidence available at the time of 

publication. Beyond its scientific contribution, this French-language publication also 

reflects my personal commitment to improving access to scientific evidence for health 

professionals, who play a central role in nutrition-based health interventions. 

Since the publication of Article 2, a substantial body of research examining the effects of 

LCS on glucose homeostasis and gut microbiota has emerged. The hypothesis that certain 

LCS may impair glucose tolerance through compositional and functional alterations to the 

gut microbiota originated from the work of Suez et al. (2014)12 using saccharin in both 

animal and human models. Building on these foundational observations, the authors 

conducted a second study to expand their findings in humans. The findings from Suez et al. 

(2022)13 put forward personalized microbiome responses to both saccharin and sucralose, 

suggesting a causal relationship between microbiome signature and disruptions in glucose 

tolerance in humans. In parallel, growing evidence in animal models also demonstrated 
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that sucralose, the most extensively used LCS wordwide11,14, can alter gut microbial 

composition by selectively promoting or inhibiting the growth of specific bacterial taxa15–19. 

Ultimately, these alterations may lead to dysbiosis, which is defined as a disruption of 

intestinal homeostasis resulting from an imbalance in the structural and/or functional 

composition of the microbiota’s beneficial and protective microorganisms20. Beyond 

impairments in glucose homeostasis, dysbiosis has been associated with a wide range of 

diseases and adverse health outcomes, including compromised intestinal barrier 

integrity15,21,22 and increased systemic low-grade inflammation15,18,19. 

Article 3 (critical review - manuscript): To refine the theoretical framework of this thesis, 

the third article presents a critical synthesis of current evidence on the cumulative effects 

of sucralose consumption on postprandial glycemic responses and gut microbiota. This 

manuscript is intended for submission to a peer-reviewed journal. 

Article 4 (original data - manuscript): Conflicting findings continue to fuel ongoing 

debates and hinder the establishment of a clear scientific consensus regarding the 

influence of sucralose on glucose tolerance and gut microbiota in humans. The substantial 

heterogeneity in methodological approaches highlighted in article 3 informed the design 

and objectives of the final article included in this thesis. In this randomized-controlled trial, 

we evaluated the effects of a three-week consumption of sucralose-sweetened beverages 

on postprandial glycemic responses in healthy adults, compared to sugar-sweetened 

beverages, under real-world conditions. In an effort to identify potential underlying 

mechanisms, this study also investigated whether changes in postprandial glycemic 

responses are accompanied by alterations in insulin concentrations, gut microbiota 

composition and functional activity, intestinal permeability, and systemic low-grade 

inflammation. Finally, it explored whether free sugars derived from natural FJ elicit distinct 

metabolic responses compared with refined sugars. 
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General Objectives 

The objectives of this thesis were as follows: 

1. Examine the mechanisms through which sugar-sweetened beverages contribute to 

adverse health outcomes and determine whether natural fruit juices might elicit 

similar metabolic effects. (Article 1 and Article 4) 

2. Summarize the potential metabolic health effects associated with low-calorie 

sweeteners consumption for clinicians. (Article 2) 

3. Comprehensively synthesize and critically appraise the current evidence on the 

effects of sucralose on glucose homeostasis, with a particular focus on proposed 

underlying mechanisms. (Article 3) 

4. Evaluate the effects of cumulative sucralose consumption on postprandial glycemic 

responses in healthy adults under real-world conditions and investigate potential 

underlying mechanisms, including alterations in insulin concentrations, gut 

microbiota composition and functionality, intestinal permeability, and systemic low-

grade inflammation. (Article 4). 

 

Specific Objectives and Hypotheses (Thesis Article 4) 

The specific objectives and hypotheses for Article 4 (original data) are as follows: 

1. The primary objective of this study was to evaluate the effects of a three-week 

consumption of sucralose-sweetened beverages (low-calorie sweetener) on 

postprandial glycemic responses in healthy adults, compared with sugar-

sweetened beverages, under real-world conditions. 
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It was hypothesized that the three-week consumption of sucralose-sweetened beverages 

would impair postprandial glycemic responses compared with sugar-sweetened 

beverages, when consumed under real-world conditions.  

2. As a secondary outcome, this study investigated whether changes in postprandial 

glycemic responses are accompanied by alterations in insulin concentrations, gut 

microbiota composition and functionality, intestinal permeability, and systemic low-

grade inflammation. 

It was hypothesized that impaired glucose tolerance would be accompanied by alterations 

in insulin concentrations, gut microbiota composition and functionality, compromised 

intestinal barrier integrity and elevated levels of systemic low-grade inflammation 

plasmatic biomarkers.  

3. Finally, this project explored whether free sugars derived from a natural source 

(100% natural fruit juice) elicit distinct metabolic responses compared with refined 

sugars. 

100% natural fruit juice was included as an exploratory comparator to represent a natural 

source of free sugars. Due to the limited empirical evidence directly comparing its 

metabolic effects with those of sugar-sweetened beverages beyond systemic 

inflammation, no specific hypothesis was formulated. Therefore, findings related to this 

group are considered exploratory.  

  



6 
 

CHAPTER II. Thesis Article 1 

 

Are Fruit Juices Healthier Than Sugar-Sweetened Beverages? A Review  
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Abstract 

Low-calorie sweeteners have long been regarded as physiologically inert due to their non-

nutritive nature. In response to emerging evidence suggesting potential effects of certain 

LCS on glucose homeostasis, we conducted a critical review examining the cumulative 

impact of sucralose consumption on postprandial glycemic responses in healthy 

individuals. The review begins by describing patterns of sucralose consumption and its 

metabolic fate, and emphasizes the importance of adopting sweetener-specific 

hypotheses when investigating the metabolic effects of low-calorie sweeteners. We then 

contrast the rationale underlying studies of acute exposure using preload designs with 

those assessing repeated consumption, highlighting why single-dose protocols do not 

capture the cumulative effects of habitual intake and are inadequate for evaluating the 

long-term impact of dietary compounds on glucose dynamics. Mechanisms proposed to 

explain the sucralose-induced modulation of glycemic outcomes are discussed, with 

particular attention to those involving the gut microbiota. To assess the robustness and 

consistency of the evidence, we conducted a critical appraisal of randomized controlled 

trials that met specific inclusion criteria, including a minimum sucralose exposure 

duration of seven days in healthy adults and the assessment of postprandial glycemic 

responses. We focused on methodological approaches, interpretation of findings, and 

their ecological validity. Through this critical appraisal, our aim is to shed light on the 

methodological and mechanistic sources of variability in the current evidence and to 

support the development of more targeted research capable of generating conclusive 

insights into the metabolic implications of long-term sucralose intake in healthy 

populations. 
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Introduction 

Low-calorie sweeteners (LCS) have long been regarded as physiologically inert, based on 

the assumption that they are not metabolized for energy and must therefore exert no 

meaningful impact on metabolic health. This view prevailed until prospective cohort 

studies revealed associations between LCS consumption and an elevated risk of type II 

diabetes, prompting a shift in research focus toward potential mechanisms of action, 

including interactions with the gut microbiota. Despite growing research interest, 

substantial heterogeneity in methodological designs and research outcomes across 

randomized controlled trials (RCTs) has hindered clear interpretation of the evidence 

linking LCS consumption and glucose homeostasis, particularly in the context of 

systematic reviews and meta-analyses. The inconsistencies in research outcomes have 

contributed to ongoing debate within the scientific community. Interpretation of existing 

data is further complicated by the predominance of RCTs focusing on acute metabolic 

responses to single exposures, typically using preload designs, rather than assessing the 

cumulative effects of LCS intake under realistic conditions.  

To clarify this complex and often contradictory body of research, we employed a 

sweetener-specific approach to synthesize current evidence on the cumulative effects of 

sucralose—the most widely used LCS globally11,14—focusing exclusively on postprandial 

glycemic responses in healthy adults rather than broader glycemic outcomes. Notably, 

findings from studies assessing the effects of various LCS on fasting plasma glucose 

concentrations are frequently interpreted and cited as evidence that sucralose exerts no 

impact on glycemic responses23–25. However, this interpretation overlooks the limitation of 

fasting glucose measurements in detecting early or subtle impairments in glucose 

tolerance, particularly in healthy individuals. Fasting glucose levels are precisely regulated 

by homeostatic mechanisms, resulting in relatively stable levels in such populations. In 

contrast, postprandial glycemic responses exhibit greater interindividual variability26–28. 

Epidemiological evidence indicates that postprandial glycemia is a stronger predictor of 

cardiometabolic outcomes than fasting glucose. For instance, data from the DECODE 
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Study Group and the European Diabetes Epidemiology Group (10 prospective cohorts; n = 

22,514) revealed that isolated postprandial hyperglycemia, despite normal fasting glucose, 

doubled cardiovascular mortality risk in non-diabetic individuals29,30. Similarly, Nakagami 

et al. (2004)31 demonstrated that adding 2-hour plasma glucose to a model containing 

fasting glucose significantly improved prediction of cardiovascular mortality, whereas 

adding fasting glucose to a model containing 2-hour plasma glucose did not (5 prospective 

cohort studies, n = 6817). Beyond epidemiological associations, mechanistic evidence 

associated postprandial hyperglycemia with oxidative stress and endothelial dysfunction, 

both early events in the development of microvascular damage. Importantly, these effects 

occur independently of HbA1c and fasting glucose, indicating that postprandial glycemic 

excursions can impair vascular integrity even when conventional glycemic markers remain 

within normal ranges32. Together, these results suggest that postprandial measures 

capture critical metabolic disturbances that may be missed by fasting glucose, 

underscoring their greater relevance for mechanistic insight. In addition to glycemic 

outcomes, we also consider potential underlying mechanisms, particularly those involving 

the gut microbiota. Importantly, this review does not aim to evaluate the efficacy of 

sucralose and other LCS as a replacement strategy for sugar-sweetened beverages (SSB) 

in individuals living with diabetes, nor does it address their effects on body weight 

regulation or sweet taste preferences. Instead, this critical review focuses on the 

metabolic implications that could be associated with repeated sucralose consumption in 

healthy individuals, a population of high relevance given the widespread use of LCS across 

all demographic groups33.  

We begin by providing a comprehensive overview of sucralose and its potential 

mechanisms of action on glucose homeostasis, with emphasis on interactions involving 

the gut microbiota and the intestinal sweet taste receptors. We then critically appraise key 

evidence from RCTs, with a particular focus on distinguishing between studies that 

assessed acute versus repeated exposures. Particular attention is given to the 

methodological rigor of experimental designs, interpretation of findings, and their 

ecological validity. Where appropriate, readers are directed to specialized reviews for in-
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depth discussion of specific subtopics. By synthesizing and critically reviewing current 

evidence, we aim to disentangle the methodological and mechanistic complexities 

underlying the observed variability in findings. Ultimately, we hope this review will inform 

the design of high-quality RTCs capable of generating definitive conclusions about the 

metabolic effects of sucralose and other LCS, including those yet to be developed. 

Overview of Low-Calorie Sweeteners: Focus on Sucralose 

LCS (also referred to as low-energy sweeteners, non-nutritive sweeteners or sugar 

substitutes) are food additives that include both artificial sweeteners and naturally derived 

sweeteners such as purified stevia and monk fruit extracts34. These compounds offer a 

sweet, low- or zero-calorie alternative for added sugars. Commonly used as additives in 

food products such as beverages, candy, yogurt, canned fruit, and breakfast cereals, some 

LCS are also available over the counter for direct consumer use in tabletop formats35. 

Several sweeteners have been approved for use in Canada, namely acesulfame potassium 

(Ace-K), advantame, aspartame, neotame, saccharin, sucralose, thaumatin, steviol 

glycosides, monk fruit extract and sugar alcohols or polyolsb (e.g., xylitol, sorbitol, 

mannitol, erythritol)35. Most LCS have a significantly higher relative sweetness intensity. 

For example, on a weight-for-weight basis, aspartame and sucralose are perceived, 200 

and 600 times sweeter than sucrose, respectively23,36,37.Thus, minimal amounts of pure 

LCS are needed to achieve the same level of sweetness. To facilitate consumer use, most 

commercially available LCS products contain a bulking agent such as maltodextrin, 

allowing their volume to be measured comparably to sugar.  

The food industry rapidly innovates to find the ‘’ next generations ‘’ of sweeteners, with a 

primary focus on those derived from natural sources. This trend includes rare sugars such 

as D-allulose and D-tagatose, which have drawn scientific attention over the last three 

years38–41. These two rare sugars occur naturally in small amounts in the heat process of 

 
b Sugar alcohols are not classified as high-intensity sweeteners given that their relative sweetness is 
comparable to or lower than that of sucrose240. 
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fructose-containing foods such as dried fruits and fruit juices39. However, their scarcity 

and low extraction yields render large-scale isolation economically unfeasible, prompting 

production via genetically engineered enzymes and microbes38. Currently, both D-allulose 

and D-tagatose are approved as food ingredients in the United States42,43. However, other 

agencies including Health Canada have approved D-tagatose44, while D-allulose remains 

classified as a novel food ingredient requiring a comprehensive safety assessment prior to 

market entry45. Nonetheless, rare sugars represent a promising avenue for replacing 

existing sweeteners in food products. 

Consumption of low-calorie sweeteners in North America 

The global LCS market has experienced steady growth over the past decade. By 2030, the 

market is expected to reach an all-time high of 39.4 billion USD, marking a 43% increase 

over five years. This rapid expansion is largely driven by increasing consumer demand for 

alternatives to refined sugars, alongside the implementation of public health regulations 

aimed to reduce total sugar intake, such as tax policies and front-of-package labelling6,7. 

Quantifying the average daily consumption of LCS in mg/day is exceedingly challenging, as 

manufacturers are currently not required to disclose the amounts used in their products, 

nor are they obligated to provide this information to federal agencies, even upon request46. 

LCS are often combined in formulations of beverages and food products to mask the bitter 

aftertaste associated with certain sweeteners, further complicating efforts to accurately 

estimate individual sweetener consumption. To date, no study has precisely quantified the 

daily intake of LCS in North America. However a cross-sectional analysis of data from the 

National Health and Nutrition Examination Survey (NHANES) conducted in the United 

States from 2009 to 2012 (n = 16,942) reported that 25.1% of children and 41.4% of adults 

consumed LCS, with the majority doing so on a daily basis33. At present, the North 

American food industry primarily uses LCS in beverages rather than solid food products. 

This trend is expected to change following the implementation of Canada’s front-of-

package labelling regulations in January 2026, which will require warning symbols on 

products high in total sugars7. A shift toward the substitution of sucrose with LCS in solid 
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food products is anticipated, mirroring trends observed in countries that have 

implemented similar front-of-package labelling policies. A notable example is Chile, being 

the first country to implement mandatory front-of-package labels for food products 

exceeding established thresholds for total sugars6. In a strategic effort to circumvent the 

impact of these regulations, Chile’s food industry undertook extensive product 

reformulation, partially or fully replacing sucrose with LCS. This shift led to a marked 

increase in the prevalence of LCS in food products, suggesting a potential rise in 

population-level exposure. Specifically, a detailed analysis conducted three years after the 

policy's implementation in 2016 examined approximately 1,500 food products (including 

beverages) available on the Chilian market and found that 55.5% contained at least one 

LCS. Sucralose was the most prevalent LCS, present in 73.5% of LCS-containing 

products11.  

 

 

  

In North America, low-calorie sweeteners are 
primarily used in beverages, but a shift toward 
substituting sugar (sucrose) with LCS in solid food 
products is anticipated in the coming years. 
Sucralose remains the most widely used LCS 
globally. As the food industry continues to 
innovate, there is growing interest in developing the 
next generation of LCS, particularly those derived 
from natural sources. 
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Sucralose : Safety and Physiological Properties 

Sucralose, commercially known as Splenda®, was developed in 1976 by scientists funded 

by Tate & Lyle (historically one of the largest sugar companies), who designed it by 

selectively chlorinating sucrose, replacing three hydroxyl groups (-OH) with chlorine atoms 

(Cl)47,48 (Figure 1). This structural modification prevents digestive enzymes from 

recognizing and hydrolyzing sucralose for energy. In 1991, Canada was the first country to 

approve the use of sucralose as a food additive47, followed later by other countries 

including the United States in 199849. Because of its high solubility and exceptional stability 

under extreme pH and temperature conditions14, sucralose is considered ideal for use in 

baking, cooking, and use in sweetening processed foods and beverages, making it the 

most extensively used LCS by both the consumers and the food industry11,14. 

Unfortunately, these physicochemical properties come at the cost of environmental 

persistence, as sucralose is resistant to natural degradation and wastewater treatment 

processes, ultimately leading to its accumulation as a pollutant in surface waters50,51. In 

North America, LCS are subject to strict regulations to ensure that they do not pose a risk 

to human health34. Long before approval by regulatory agencies, extensive preclinical 

studies are undertaken to elucidate the toxicology of the sweetener and determine its 

safety37. These preclinical safety studies are conducted in animal models and use a wide 

range of concentrations to characterize dose-response relationships of potential adverse 

health effects. The highest dose that produces no observable biological effects in long-

term repeated-dose studies is referred to as the ‘’ no observed adverse effect level ‘’ 

(NOAEL)37. To extrapolate the results from animal studies to humans while ensuring an 

adequate safety margin, the NOAEL value is divided by a safety factor (often 100-fold for 

LCS)37. This calculation is then used to establish an Acceptable Daily Intake (ADI) in 

humans, defined as ‘’ the amount of food additive expressed in mg/Kg BW/day, that can be 

ingested daily over a lifetime without any appreciable risk to health ‘’52. It is unrealistic for 

consumers to exceed or even reach the ADI for most LCS. This is due to the minimal 

amounts needed to achieve a sweet taste and the common practice of manufacturers 

using a combination of LCS in their food products. For instance, an individual would need 
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to consume approximately 19 cans of Diet Mountain Dew™ (18mg sucralose, 18mg Ace-K, 

57mg aspartame)53 in a single day in order to reach the ADI for sucralose of 5 mg/Kg 

BW/day36. But this number varies significantly among different beverage brands, as some 

contain much higher concentrations of sucralose. For example, a single 355 mL can of 

caffeine-free Diet Rite Cola™ contains 68 mg of sucralose and 41 mg of acesulfame-K53. 

Therefore, a person weighing 70 kg would only need to consume ~ 5 cans to reach the ADI 

for sucralose. The safety of using sucralose as a food additive has been thoroughly 

reviewed by Magnuson et al. (2017)23. Although strict regulations and extensive research 

demonstrated the safety of LCS prior to their approval, this does not constitute evidence 

that they are physiologically inert. 

 

Figure 1. Chemical structures of sucrose (molecular weight 342.3, CAS number 57-50-1), 

and sucralose (molecular weight 397.6, CAS number 56038-13-2). Adapted from 

https://pubchem.ncbi.nlm.nih.gov 1  

A key aspect of assessing the safety of LCS is understanding their toxicokinetics— a 

comprehensive examination on how a compound is absorbed, distributed, metabolized, 

and excreted in various animal species that closely resemble human anatomy. For 

sucralose, the toxicokinetic studies that supported federal regulatory approval of its use as 

a food additive comprised of four animal interventions and one human trial. Of note, 

human clinical studies are not typically required for the approval of novel food ingredient 

https://pubchem.ncbi.nlm.nih.gov/
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or food additive54. In the sole human trial, Roberts et al. (2000)55 found that 78.3% of orally 

ingested sucralose was primarily recovered structurally unchanged in feces, while 14.5% 

was recovered in urine, also structurally unchanged. Two minor sucralose metabolites, 

glucuronide conjugates, were also found in urine, but accounted for less than 3% of the 

administered dose. These findings confirm that a small fraction of ingested sucralose is 

absorbed and entered systemic circulation53, although absorption varied significantly 

among individuals, ranging from 9% to 22%55. The metabolic fate of the remaining 7.2% of 

the orally administered sucralose was not examined and remains unknown53. Of particular 

note, the study involved eight men participants administered a single dose of 1 mg/kg BW 

of 14C-labeled sucralose, while two other men participants were administered a higher 

dose of 10 mg/kg BW. The absence of women from this foundational investigation 

represents a significant methodological limitation, especially given the importance of 

accounting for sex-based biological differences54. A compelling example of why such 

inclusion is essential emerged 15 years later, when studies by Sylvetsky et al. (2015)56 and 

Rother et al. (2018)57 demonstrated that sucralose could be recovered intact in breast milk. 

Pharmacokinetic analyses showed that sucralose was detectable in breast milk as early as 

two hours after the ingestion of a commercially available diet beverage containing 

sucralose57. These findings underscore the critical need for inclusive study designs that 

consider both sexes, particularly when research outcomes inform public health policies 

affecting vulnerable populations such as infants. 

Twenty years after the U.S. Food and Drug Administration (FDA) approved sucralose as a 

food additive, Bornemann et al. (2018)22 identified two acetylated sucralose metabolites in 

the urine and feces of rodents administered sucralose at doses consistent with those used 

in regulatory toxicology studies. These metabolites were detected throughout the 40-day 

dosing period and remained present at low levels for up to 11 days following cessation of 

sucralose intake. Building on this, one of the co-authors raised concerns regarding the 

safety of sucralose-6-acetate, a byproduct formed during the manufacturing of sucralose. 

In this process, sucrose undergoes multiple chemical transformations, including the 

formation of sucralose-6-acetate, which is subsequently deacetylated to produce 
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sucralose as the final product. Schiffman et al. (2023)58, reported that trace amounts of 

sucralose-6-acetate persist as residual byproducts, with commercially available sucralose 

samples containing approximately 0.67% sucralose-6-acetate58. Furthering their 

investigation on the toxicological and pharmacokinetic properties of sucralose-6-acetate, 

the authors reported that this residual byproduct exhibited genotoxicity through a 

mechanism classified as clastogenic (i.e., inducing DNA stand breaks). Moreover, in vitro 

exposure of human intestinal epithelium cells to both sucralose and sucralose-6-acetate 

in the absence of bacteria was found to compromise intestinal barrier integrity via 

damages to tight junctions, suggesting a direct interaction with epithelial structures. While 

these findings raise important safety considerations at first glance, it is worth noting that 

the Heartland Food Products Group (TC Heartland LLC) stated that routine impurity testing 

of the sucralose used in Splenda® products consistently detected no measurable levels of 

sucralose-6-acetate, down to the lowest detection limit which is 10 ppm (0.001%)59.  

Based on findings from Roberts et al. (2000)55 and tolerance studies such as McLean Baird 

et al. (2000)60, which reported no bioaccumulation of sucralose in blood following daily 

consumption of 5 mg/kg for 12 weeks in 108 individuals including women, sucralose was 

initially assumed to be physiologically inert. Now, accumulating evidence consistently 

suggests that both acute and cumulative consumption of sucralose exerts physiological 

effects in humans. For instance, functional magnetic resonance imaging of the human 

brain indicated that sucralose activates taste-related pathways associated with behavioral 

pleasantness and reward responses that differs from sucrose61,62. Hypothalamic activity 

was also shown to increase in response to the immediate sweet taste of sucralose, but not 

to the taste of water62. Interestingly, this effect was stronger in individuals living with 

obesity, especially women63. In a rodent study, sucralose has also been shown to 

bioaccumulate in adipose tissue, with detectable levels persisting two weeks after 

cessation of a 40-day sucralose supplementation at doses comparable to those used in 

toxicology studies22. Because nearly all sucralose found in feces is structurally unchanged, 

it was also assumed that this sweetener could not exert any effects on the gut 

microbiota23. While its resistance to microbial degradation clearly shows that sucralose 
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cannot be fermented by mutualist bacteria, environmental studies published in 201350,51 

revealed that sucralose can exert a bacteriostatic effect on certain bacterial species due 

to its inevitable bioaccumulation in surface waters. Specifically, the inhibitory effect on the 

growth of six bacterial strains was found to be directly proportional to the concentration of 

sucralose present in water and soil. This phenomenon was hypothesized to result from a 

reduction in sucrose uptake by the bacteria50,51. Hence, dismissing any potential metabolic 

effects of sucralose or other LCS in humans through alternative mechanisms should not 

be accepted without the supporting evidence. Collectively, these findings challenge the 

notion of sucralose's physiological inertness and underscore the need for further 

investigation into its biological and ecological impacts. 

 

 

Acute Effects of Sucralose on Postprandial Glycemic Responses in 

Humans (single-dose exposure/preload design) 

In humans, the effects of LCS on glycemic responses are most investigated using a preload 

design, consisting of a single LCS dose. This approach, which isolates the acute effects of 

LCS on glucose tolerance, is problematic as any metabolic outcome is more likely to result 

from habitual dietary patterns, rather than one isolated exposure to a dietary component. 

The collective evidence on the acute effects of LCS on postprandial glucose and insulin 

responses has been synthesized by Greyling et al. (2020)64 in a systematic review and 

LCS, such as sucralose, have long been regarded as 
physiologically inert, based on the assumption that 
they are not metabolized for energy and therefore 
exert no meaningful impact on metabolic health. 
However, accumulating evidence consistently 
suggests that consumption of sucralose exerts 
metabolic effects in humans. 
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meta-analysis. Their analysis revealed no statistically significant differences in glycemic or 

insulinemic responses between LCS and control groups, independently of the type or dose 

of LCS. However, several factors limit the interpretability of these findings, the first being 

the absence of a sweetener specific hypothesis. For example, of the 34 RCTs included in 

the analysis, only nine specifically investigated sucralose alone; the remaining studies 

examined other LCS either administered alone or in combination. Knowing that each LCS 

has a distinct chemical structure that influences how they will be physiologically handled, 

pooling multiple LCS in systematic reviews and meta-analyses may compromise 

statistical validity (i.e., potential intervention effects may not be detected due to reduced 

statistical power). Moreover, substantial heterogeneity in experimental designs further 

complicates the generalizability of the review’s findings. These include differences in 

doses (ranging from 24mg to 800 mg per day for sucralose), comparators (i.e., water, 

saline, unsweetened beverages, placebo capsules, isocaloric meal), form of 

administration (i.e., in beverages or solid foods, capsules, intragastric infusions, with or 

without carbohydrates), and study populations (i.e., healthy individuals vs. individuals 

living with type 2 diabetes). Two other systematic reviews and meta-analyses have 

reported comparable findings, indicating that acute sucralose exposure does not induce 

significant changes on postprandial glycemic responses65,66. 

 

 

In human studies, the effects of LCS on glycemic 
responses are most commonly investigated using a 
preload design. This approach typically assesses the 
acute effects of a single LCS dose (or exposure) on 
postprandial glycemic responses. While useful for 
isolating immediate physiological responses, this 
approach does not account for the cumulative effects 
associated with their regular daily consumption.  
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Cumulative Effects of Sucralose on Postprandial Glycemic Responses in 

Humans (exposure ≥ 7 days) 

A major contributor to inconsistencies in LCS research is the tendency to treat LCS as a ‘’ 

class of compounds ‘’ rather than individual molecules. Each LCS possesses a distinct 

chemical structure that determines its specific properties related to digestion, absorption, 

metabolism and excretion37. Growing evidence indicates that LCS exert distinct 

physiological effects and should therefore be studied using sweetener-specific 

hypotheses13,67–69. This need is increasingly important as new LCS continue to be 

discovered and introduced into the food supply. However, the current paucity of RCTs 

investigating the cumulative effects of individual LCS consumption on postprandial 

glycemic responses limits the feasibility of conducting systematic reviews and meta-

analyses for each sweetener separately. As a result, existing systematic reviews and meta-

analyses have relied on pooled analyses grouping multiple sweeteners together (singles or 

blends). While using LCS blends enhances ecological validity (i.e., the degree to which 

findings can be generalized to real-world settings) by reflecting commercially available 

products, the practice of pooling diverse LCS types (single or blends) within meta-analyses 

introduces methodological limitations, assuming homogeneity where it may not exist. This 

approach can potentially dilute or mask LCS-specific effects, further contributing to 

inconsistencies in LCS research. Therefore, the combined use of LCS should be examined 

only after the distinct physiological effects of each sweetener have been clearly 

characterized, as potential interactions may modify their individual effects. Two recent 

systematic reviews and meta-analyses illustrate this trend and underscore the critical 

need for more targeted research focused on individual LCS to disentangle the current body 

of evidence and draw robust, generalizable conclusions about individual LCS. 

McGlynn et al. (2022)70 conducted a systematic review and network meta-analysis to 

evaluate the effects of replacing SSB with water or LCS-sweetened beverages in 

individuals living with overweight or obesity who were at risk for, or living with, type II 

diabetes. The analysis included 17 RCTs with a minimum duration of two weeks. Notably, 
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only eight trials reported the type of LCS used, and only one investigated sucralose. The 

primary outcome was body weight, while secondary outcomes included various markers of 

cardiometabolic health, including glycemic control. The authors found no statistically 

significant improvements in glycemic control when SSB were replaced with either water or 

LCS, although pooled effect estimates consistently favored water or LCS beverages across 

most comparisons. A closer look at postprandial glycemic outcomes, more precisely 2-

hour postprandial blood glucose and, to a lesser extent, hemoglobin A1c (HbA1c)c, 

revealed more nuanced findings. When LCS-sweetened beverages replaced SSB, the 

direction of the effect favored SSB (moderate certainty of evidence). Similarly, when LCS-

sweetened beverages replaced water, the effect favored water (moderate to low certainty 

of evidence). Finally, when water replaced SSB, the results were mixed. Postprandial 

glycemic responses appeared to favor SSB, whereas HbA1c outcomes, reflecting average 

glycemia over the preceding 2–3 months, favored water. Both findings were supported by 

low-certainty evidence. The authors concluded that LCS-sweetened beverages were a 

comparable alternative to water for replacing SSB within the studied population. While this 

interpretation is well supported for body weight and most cardiometabolic outcomes, it 

appears less definitive for postprandial glycemic responses. To build upon their previous 

findings, the same group of authors conducted a second systematic review and network 

meta-analysis examining the acute effects of LCS on postprandial glycemic and endocrine 

responses in adults without considering health status. Departing from their earlier work on 

repeated exposure to LCS-sweetened beverages, Zhang et al. (2023)66 examined the acute 

responses following a single exposure to LCS. The analysis included 36 randomized and 

non-randomized trials that assessed outcomes including postprandial plasma 

concentrations of glucose, insulin, and incretins; precisely glucagon-like peptide-1 (GLP-1) 

and glucose-dependent insulinotropic polypeptide (GIP). These outcomes were presented 

as incremental area under the curve (iAUC) over 120 minutes following a single exposure to 

various types or blends of LCS, with water and SSB as comparators. The findings indicated 

 
c HbA1c, or glycated hemoglobin, serves as a biomarker of average blood glucose levels over the preceding 2–
3 months241. 
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that LCS-sweetened beverages (single or blends) did not significantly affect glycemic, 

insulinemic or incretin responses. Consistent with their earlier interpretation, the authors 

concluded that these findings support the use of LCS-sweetened beverages as viable 

alternatives to SSB as their metabolic effects were comparable to those of water. 

Nevertheless, as previously discussed in the present review, evaluating LCS under single-

dose protocols does not capture the potential cumulative effects of regular LCS 

consumption on metabolic outcomes, such as glucose dynamics.  

Proposed Mechanisms 

Several key mechanisms have been proposed to explain how sucralose may influence 

glucose homeostasis. These mechanisms are central to ongoing research and include: 

1. Alterations in cephalic phase responses (uncoupling sweet taste from energy). 

2. Interactions with intestinal sweet taste receptors, leading to increases release of 

incretin hormones, particularly GLP-1, and the subsequent modulation of intestinal 

glucose absorption. 

3. Changes in gut microbiota composition and function, specifically through the 

induction of dysbiosis, a mechanism currently receiving the most attention. 

Uncoupling sweet taste from energy 

Davidson (2004)71 and Swithers (2008)72 originally hypothesized that repeated intake of LCS 

could undermine the ability of sweet taste receptors to predict caloric content, a 

mechanism now referred to as ‘’ uncoupling sweet taste from energy ‘’ 71,72. The 

conditioned association between orosensory cues as signals for post-ingestive responses 

is among the most robust form of Pavlovian conditioningd73. Orosensory signals can 

independently elicit a variety of hormonal, neural and metabolic responses (i.e., salivation, 

 
d Pavlovian conditioning is a learning process in which a stimulus becomes associated with a biologically 
significant event, leading to a conditioned response242. 
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gastric acid secretion, thermogenesis and hormone secretion including insulin and 

glucagon), collectively referred to as cephalic phase responses. Thus, the perception of 

sweetness signals the presence of calories from carbohydrates, triggering cephalic phase 

responses in preparation to use carbohydrates for energy74. According to the uncoupling 

hypothesis, frequent LCS consumption may reduce the effectiveness of sweet taste as a 

conditioned stimulus, potentially leading to impaired glycemic regulation over time via 

disruption of the cephalic phase insulin response. 

The hypothesis that uncoupling sweet taste from caloric content impairs metabolic 

regulation was recently challenged by findings from Dalenberg et al. (2020)75. In a study 

involving 39 healthy young adults, glucose tolerance, taste perception as well as brain 

responses to sweet, sour, salty, and umami (measured with functional magnetic 

resonance imaging) were assessed after consuming a total of 7 cans of 355 mL beverages 

over 10 days. These beverages contained either pure sucralose (60 mg), sucrose (30 g), or a 

combination of sucralose and maltodextrin (60 mg + 32 g, respectively, similar to 

commercially available sucralose products like Splenda®). The authors hypothesized that 

if uncoupling sweet taste from caloric intake impaired cephalic phase responses, it would 

result in reduced glucose tolerance and attenuated brain responses to the sweet taste of 

sucrose in the pure sucralose group, but not in the sucrose or sucralose-maltodextrin 

groups. Contrary to this hypothesis, they found elevated insulin response after 30 minutes 

of the oral glucose tolerance test (OGTT) in the sucralose-maltodextrin group compared 

with the two other groups, with no statistically significant differences in postprandial 

glycemic responses. Additionally, brain responses to sweet taste were inversely 

associated with insulin sensitivity only in the sucralose-maltodextrin group. No differences 

in sweet taste perception or preference were observed between groups. To further 

investigate whether maltodextrin alone could account for the observed changes in insulin 

sensitivity, the authors conducted a follow-up experiment. The results indicated that 

maltodextrin alone did not alter insulin sensitivity, suggesting that the metabolic effects 

were specific to the combination of sucralose and carbohydrates.  
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Overall, the findings of Dalenberg and colleagues rejected the hypothesis that uncoupling 

sweet taste from energy lessen the ability of sweet taste as a conditioned stimulus. Rather, 

they suggested that short-term consumption of sucralose impairs insulin sensitivity only 

when combined with a carbohydrate source, potentially via alterations in central 

regulation of insulin secretion. A key limitation of the study pertains to the exposure 

conditions. The short duration of exposure and the low sucralose dosage, 420 mg over 10 

days, equivalent to less than one can of LCS-sweetened beverages per day53, may have 

been insufficient to detect significant changes in glucose tolerance. Notably, the authors 

acknowledged that the study was initially powered to detect changes in neuroimaging 

outcomes, which may have resulted in an insufficient sample size for detecting 

statistically significant glycemic-insulinemic responses. Relatedly, although regular 

consumers of LCS were excluded, participants were not instructed to avoid other sources 

of LCS or SSB before and during the intervention, which may have influenced glycemic 

outcomes. 

Interaction with the intestinal sweet taste receptor 

Another proposed mechanism by which sucralose may alter glucose homeostasis involves 

its interaction with the intestinal sweet taste receptor, which may, in turn, stimulate the 

secretion of incretin hormones and modulate intestinal glucose absorption. Nelson et al. 

(2001)76 first identified the mammalian sweet taste receptor in gustatory papillae as a 

heterodimer composed of two subunits, T1R2 and T1R3, now formally referred to as 

TAS1R2 and TAS1R3, respectively77e. Together, these subunits form a single functional 

receptor capable of detecting a wide range of sweet-tasting compounds, including LCS. 

Upon activation by sweet compounds, the sweet taste receptor initiates a cascade of 

neural signalling events, beginning with the stimulation of peripheral gustatory nerves and 

extending to central gustatory pathways in the brain, ultimately contributing to the hedonic 

perception of sweet stimuli. A few years after its initial identification in the gustatory 

 
e TAS1Rs are members of the class C family of G protein-coupled receptors77. 
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papillae, Margolskee et al. (2007)78 demonstrated that the mammalian sweet taste 

receptor was also expressed in the small intestines’ enteroendocrine cellsf. Notably, the 

structure of the intestinal sweet taste receptor binding to sucralose was just recently 

revealed by Juen et al. (2025)77. Activation of the intestinal sweet taste receptor elicits 

physiological responses independently of conscious sweet taste perception, indicating 

that these effects are not mediated by cephalic phase responses79. Margolskee and 

colleagues presented convincing evidence that the TAS1R2+TAS1R3 complex can detect 

glucose and other sweeteners, such as sucralose, and induce the release of GLP-1 and 

GIP via an α-gustducin-mediated signalling process, which in turn enhances the 

expression of sodium-glucose cotransporter 1 (SGLT1) responsible for active intestinal 

glucose transport. Based on these findings, variations in the metabolic fate of LCS may 

stem from their differential binding affinities for the sweet taste receptor, indirectly 

modulating enterocyte glucose uptake and ultimately increasing circulating glucose 

availability. 

In agreement with these observations, Mace et al. (2007)80 found that the translocation of 

the passive glucose transport 2 (GLUT2) from the basal to the apical membrane of 

enterocytes is also stimulated by LCS like ace-K, sucralose, and saccharin, thereby 

resulting in increased intestinal absorption of glucose in the enterocytes. Recent evidence 

from Rose et al. (2024)81 further supports this proposed mechanism. In a murine model, 

the two-week supplementation with Ace-K and sucralose significantly increased jejunal 

glucose absorption and GLP-1 secretion following glucose infusion. These results suggest 

that sucralose and/or Ace-K may enhance intestinal glucose uptake through pathways 

potentially involving sweet taste receptor activation. While the authors concluded that 

these effects were gut microbiota-independent based on the persistence of increased 

glucose absorption in mice treated with both LCS and antibiotics, the reduction in the 

richness and evenness of fecal bacterial communities observed in LCS-supplemented 

 
f The expression of functional sweet taste receptor TAS1R2+TAS1R3 was later found in numerous other 
extragustatory tissues, including the pancreas, bladder, adipose tissues, bones, lymphocytes, heart and 
brain243.  
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mice indicates that microbiota-mediated contributions cannot be fully excluded. This 

highlights the complexity of disentangling direct receptor-mediated effects from 

microbiota interactions in the metabolic responses to LCS. 

The capacity of the intestinal sweet taste receptor to directly stimulate the release of GLP-

1 into the bloodstream was demonstrated by Krokrashvili et al. (2014)82 using an animal 

model. GLP-1, along with GIP, are a gut-derived incretin hormones that upregulate insulin 

release by pancreatic β-cells, slows down gastric emptying, and contribute to appetite 

regulation and satiety83. GLP-1 also plays a well-established role in glucose homeostasis 

via insulin-independent pathways, including the modulation of glucose transporters 

(SGLT1 and GLUT2) expression, the suppression of glucagon release, and the indirect 

optimization of glucose metabolism in muscle, liver, and adipose tissue84. Moreover, 

evidence from animal and in vitro studies suggests that GLP-1 improves the integrity of the 

intestinal barrier by downregulating the release of pro-inflammatory cytokines by 

macrophagesg, such as IL-1β and TNF-α83. Although sucralose-induced alterations in 

glycemic responses—mediated by chronically elevated GLP-1 secretion and subsequent 

increases in intestinal glucose uptake—represent a promising mechanistic hypothesis, it 

is important to note that this effect has been primarily observed in culture studies with 

acute exposure to sucralose85, in animal models with saccharin86, and in a small number of 

human studies53,87–89 that failed to be consistently replicated23,90–94.  

Gut Microbiota 

Understanding the gut microbiota: a microbial signature as unique as a fingerprint 

The composition of the gut microbiota is a complex and dynamic ecosystem that greatly 

differs among individuals as it is directly influenced by the host’s genotype, diseases, ageh 

 
g Macrophages are a type of innate immune cells. 
h In individuals over 60 years old, an age-related decline of the gut microbiota’s richness occurs. This decline 
is characterized by a shift in the ratio of Bacteroidota to Firmicutes species and is also associated with a 
decline in immune system functions99. 
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sex95 and environment96–98. Approximately 100 microbial species inhabit an infant’s 

microbiota, acquired from the mother during intrauterine development and postnatal 

environment, including birth delivery method, breastfeeding, and epigenetic influences99. 

By adulthood, the gut microbiota is estimated to harbour trillions of intestinal 

microorganisms (including bacteria, archaeai, fungi, viruses, and parasites) consisting of 

both mutualist speciesj that live in synergy with the host in the gastrointestinal tract and 

pathogenic ones that may disrupt host’s health under specific conditions. The microbial 

communities tend to increase from the stomach to the colon, the latter being the most 

concentrated place in the entire digestive system100 (noteworthy, up to 60% of fecal mass 

consists of microbial matter101). 

The core assemblage of the gut microbiota is believed to remain essentially stable 

throughout adulthood99, but the interindividual variability is tremendous. The shaping of its 

composition continues through the lifespan as it responds to environmental factors such 

as frequent antibiotic exposure (particularly in early childhood), lifestyle (i.e., exercise, 

sleep, and stress) and most significantly, dietary patterns, the latter being the most 

influential determinant of the gut microbiota’s composition, diversity, and functional 

capabilities98,102–104. This relationship has been thoroughly reviewed by Sanz et al. (2025)98, 

who detail how dietary patterns influence the gut microbiota environment. Notably, dietary 

fiber intake stands out as a major determinant of gut microbiota composition. Specifically, 

dietary fibers significantly affect both α-diversity and β-diversity by modulating the 

production of short-chain fatty acids (SCFAs) through the fermentation activity of 

mutualistic bacteria98. SCFAs serve as key mediators of host–microbe interactions, playing 

critical roles in maintaining intestinal barrier 98,99,105,106, regulating inflammation106,107, 

 
i Archaea are single-celled microorganisms structurally similar to bacteria. 
j The relationship between the bacteria of the gut microbiota and the host is often described as commensal 
(where one organism benefits while the other is unaffected). However, this definition is inaccurate for many 
bacteria inhabiting the human gut, for which both the bacteria and the host derive mutual benefits from each 
other. This mutualistic relationship is exemplified by the numerous roles bacteria play, such as fermenting 
dietary fibers, synthesizing vitamins, and contributing to the host’s immunological responses, while receiving 
nutrients necessary for their survival in return. Nonetheless, there are some commensal bacteria in our 
microbiota from which we neither benefit nor suffer harm, although these are not dominant244. 
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facilitating gut–immune system crosstalk108,109, and modulating glucose and lipid 

metabolism98,109,110. In contrast, saturated fats also influence gut microbiota structure but 

tend to foster a less favourable microbial environment. High-fat diets have been 

associated with reduced expression of intestinal tight junction proteins, such as 

occludins, which are crucial to the intestinal barrier integrity18. Similarly, nutrients such as 

L-carnitine and choline found in animal-based proteins can result in gut-microbiota-

derived metabolitesk associated to adverse health outcomes111. 

To date, more than 4000 bacterial and archaeal genomes have been identified in the 

human gut microbiota, with many more yet to be discovered through advancements in 

sequencing techniques112–114. Over 90% of these numerous species belong to just two 

dominant bacterial phylal, Bacteroidota and the Firmicutes112,115,116. Other prevalent, 

though less abundant, phyla include Actinomycetota, Proteobacteria, Verrucomicrobiota, 

and Fusobacteriota117–119. In addition to taxonomic classification into phyla, genera, and 

species, gut microbial communities also exhibit broader ecological patterns in how they 

assemble and cluster into distinct community types known as enterotypes. These 

enterotypes are defined by the dominance of specific bacterial genera and appear to be 

largely independent of host genetics120. Instead, they are shaped primarily by long-term 

environmental factors, with dietary patterns playing a particularly influential role121. While 

enterotypes are relatively stable and resilient to disturbances, drastic dietary changes can 

induce rapid and measurable shifts in microbiota structure on the taxa level. For instance, 

early work on the gut diet–microbiota interplay demonstrated that initiating a high-fat/low-

fiber vs. low-fat/high-fiber diet121 or switching from an omnivorous to a complete animal- or 

plant-based diet122, led to significant changes in microbiota composition detected by 16S 

rRNA within as little as 24 hours to a few days. Although these acute changes are generally 

insufficient to transition individuals between enterotype clusters121, they may still have 

 
k L-carnitine and choline can be hydrolyzed by a microbial enzyme of the gut microbiota (trimethylamine 
lyase) into trimethylamine, the precursor of trimethylamine N-oxide (TMAO). 
l Taxonomic rank grouping bacteria with broad structural and genetic similarities. Forty-one phyla have been 
identified to date245. 
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functionally relevant implications for human health. Over longer durations, however, 

sustained adherence to such dietary patterns can induce enterotype transitions, as 

observed in dietary acculturation studies conducted over several months following 

immigration, and across first- and second-generation immigrant populations123. 

The Insurance Hypothesis and the Resilience Phenomenon 

In most natural ecosystems, high biodiversity shields the ecosystem against perturbations 

that could disrupt community structure and function, a concept referred to as ‘’ the 

insurance hypothesis ‘’. This resilience arises primarily from the presence of multiple 

species competing for the same limited resources, thereby preventing the overgrowth of 

any single species at the expense of others. Applied to the gut microbiota, this translates 

into competition for energy substrates and colonization space along the intestinal mucosal 

barrier. Therefore, the insurance hypothesis would suggest that a rich diversity of microbial 

communities confers a protective effect by maintaining equilibrium among microbial 

species, thereby preserving the stability and functional dynamics of the intestinal 

environment. In line with this, a complementary hypothesis proposes that bacterial 

communities possess recovery capabilities, enabling them to restore equilibrium following 

environmental disturbances. This concept is referred to as ‘’ the resilience phenomenon 

‘’. In response to acute disturbances, such as acute infections or antibiotic treatments, the 

gut microbiota typically adapts by reorganizing its microbial communities to establish a 

new equilibrium. However, it is important to note that a new equilibrium does not 

necessarily equate to a healthy one. Both of these concepts were comprehensively 

discussed in a perspective article by Sommer et al. (2017)124. Drawing together the 

insights discussed above, an important question arises: if repeated sucralose 

consumption induces perturbations in microbiota structure and function, are these 

changes substantial enough to drive a shift in host microbial enterotypes, or will the 

protective and resilient properties of the gut microbiota prevail?  
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Gut Microbiome vs. Microbiota: Interpretation of the Data 

The growing body of evidence describing the composition, structure, and function of the 

microbial communities harbouring the human body has led to confusion in the terminology 

used to describe these communities and their environment125,126. Although often used 

interchangeably in the literature, there is a subtle distinction between what defines the 

microbiome and the microbiota. By definition, the microbiota refers to the communities 

of microorganisms residing in a specific environment and is typically assessed using 16S 

rRNA gene sequencing125. On the other hand, the microbiome refers to the collective 

genomes of all microorganisms (i.e., bacteria, fungi, and viruses) and their associated 

metabolites, characterized using one or a combination of techniques such as 

metagenomics, metabolomics, metatranscriptomics, and metaproteomics125. For the 

purposes of this review, studies investigating the gut microbiota and/or microbiome were 

both considered, given the frequent misuse of the term ‘’ microbiome ‘’ in the literature 

that identifies bacterial communities through culture-based methods or 16S rRNA gene 

sequencing, rather than through whole-genome sequencing. 

Marker gene sequencing, such as 16S rRNA (for bacteria and archaea) and internal 

transcribed spacer (for fungi), relies on primers that target specific gene regions to 

The gut microbiota is a complex and dynamic ecosystem. 
Its composition, as unique as a fingerprint, varies widely 
across individuals and is influenced by factors such as host 
genotype, disease status, age, and sex. Although the core 
microbial assemblage is believed to remain relatively 
stable throughout adulthood, the microbiota continues to 
adapt in response to environmental factors. Among these, 
dietary patterns have emerged as the most influential 
determinant, shaping its composition, species richness, 
and functional capacity. 
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determine the microbial communities of a sample127. The 16S rRNA approach involves PCR 

amplification of sequences from the 16S ribosomal RNA gene, which is universally present 

in bacteria and archaea. This technique enables taxonomic profiling of bacterial 

communities, typically at the genusm level resolution (in rare cases at the species level), 

providing insights into their diversity, richness, and evenness128,129. Importantly, if no 

difference in bacterial composition is detected using 16S rRNA, this does not preclude the 

presence of differences in the functional potential of bacterial communities (i.e., 

functional gene pathways and microbially produced metabolites) or variations in non-

bacterial members of the microbiome (i.e., fungi and viruses). Due to sequence variability 

within targeted regions, primers may bind with differing affinities, introducing amplification 

bias during PCR127. Therefore, using consistent reagent kits and PCR primers across all 

study samples is critical, as such variability can exceed the interindividual differences 

observed in healthy individuals' microbiota profiles112,118. Overall, 16S rRNA sequencing is a 

validated and cost-effective method that offers a broad, albeit relatively low-resolution, 

overview of bacterial and archaeal community composition127. 

In contrast, metagenomics techniques sequence all genomic DNA present in a sample 

(bacteria, archaea, fungi, viruses, and others), down to the strain-leveln resolution of 

microorganisms. This approach offers a detailed and comprehensive view of the microbial 

communities, including their functional gene content (i.e., the genes and pathways they 

encode), which cannot be captured from 16S rRNA sequencing128. However, one technical 

limitation of metagenomic sequencing in fecal samples is the co-extraction of host DNA 

from shed epithelial cells, which can potentially reduce microbial sequencing depth127. A 

complementary approach is metabolomic profiling, which involves the quantitative and 

qualitative analysis of metabolites produced by both the microbiota and the host118. This 

method provides insights into the actual biochemical activity and functional interactions 

within the gut ecosystem, going beyond the genetic potential inferred from metagenomic 

data. For these reasons, combining metagenomic sequencing and metabolomic profiling 

 
m Taxonomic rank grouping closely related species with shared characteristics. 
n Subtype or genetic variant within a species. 
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is widely regarded as the gold-standard method for comprehensive characterization of the 

human gut microbiome128,129, but accessibility remains limited due to costs that are 

typically two to three times higher than those of 16S rRNA gene sequencing. Nevertheless, 

such precise taxonomic resolution and functional data are not essential for all studies 

investigating the gut microbiota, particularly those focused on broader community 

structure or compositional shifts. For instance, Durazzi et al. (2021)128 compared the 

accuracy between 16S rRNA and shotgun metagenomic sequencing and confirmed that 

the latter has more power to map the complete taxonomic composition of a sample, more 

specifically for the less abundant genera of bacteria. However, 16S rRNA was 

quantitatively and qualitatively robust to identify the most abundant genera (top 31%) of 

bacteria in a similar manner to shotgun sequencing.   

Building on the ecological complexity and interindividual variability of the gut microbiota 

signature described earlier, it is nearly impossible (yet) to define a microbiota profile 

consistently shared by most healthy individuals112,115,116. Administering the same diet 

across individuals often elicits highly personalized microbial responses, highlighting the 

need to account for baseline differences when analyzing microbiota data across 

individuals or populations. This also emphasizes the need for caution when interpreting 

and generalizing findings from small cohort studies, typically those involving fewer than 

several hundred participants118. Furthermore, the dynamic shifts in microbial communities 

and functionalities that can rapidly occur in response to changes in diet or lifestyle 

emphasize the necessity for standardized fecal sampling and analysis protocols in RCTs 

design, as transient but meaningful shifts in microbial composition may otherwise be 

undetected. In this context, an insightful review by Knight et al. (2018)127 offers 

comprehensive guidelines for designing, conducting, and analyzing 

microbiome/microbiota studies. Among the key considerations for human RCTs they 

outline the following: 

▪ RCTs investigating the gut microbiota should be powered based on studies 

specifically designed to assess microbiota outcomes, not on trials powered for 
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unrelated endpoints where microbiota effects were secondary. Rigorous control of 

confounders is also essential; for example, participants who received antibiotics in 

the past six months should be excluded due to their lasting impact on microbial 

composition. 

▪ Serial baseline samples should be collected to assess intrinsic variability. Recent 

evidence suggests that aggregating data from three to five serial fecal samples 

provides an optimal balance for capturing microbiota dynamics using 16S rRNA 

sequencing in real-world research settings, with no additional benefit observed 

beyond seven serial samples130. 

▪ When using 16S rRNA sequencing, it is essential to use the same reagent kits and 

PCR primers across all study samples, as primer-induced variability can far exceed 

the interindividual differences observed in healthy individuals' microbiota 

profiles112,118. 

▪ Proper documentation and transparency in reporting procedures for sample 

collection, transport and storage, DNA extraction, PCR (if applicable), sequencing 

and data analyses are essential to ensure reproducibility of the findings. 

▪ Finally, characterizing microbial composition alone is no longer sufficient; 

uncovering microbial function is now essential. Future microbiota research should 

aim to integrate multi-omics approaches for a comprehensive view of both the 

structure and function of microbial communities harbouring the gut microbiome. 

Potential Influences on Glucose Homeostasis: Dysbiosis and Short-Chain Fatty Acids 

To our knowledge, the first study to report adverse effects of sucralose on gut microbiota 

composition was published by Abou-Donia et al. (2008)131. In this 12-week study, rats were 

administered Splenda® by oral gavage at doses corresponding to 1.1 to 11 mg/kg BW in 

pure sucralose content, with weekly fecal samples collected for analysis. The authors 

reported significant reductions in the abundance of Bifidobacteria, Lactobacilli, 
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Bacteroides, and Clostridia. Of particular note, the study has faced substantial criticism 

over the years regarding the scientific integrity and transparency of its data. In 2024, the 

journal issued an official expression of concern, citing unresolved questions and the 

authors' failure to provide the necessary supporting materials for verification132. More 

recently, growing evidence in animal models has shown that sucralose can alter gut 

microbial composition by selectively promoting or inhibiting the growth of specific 

bacterial taxa13,15–19, ultimately leading to dysbiosis. This condition, defined as a 

disturbance of the intestinal homeostasis caused by an imbalance in the structural and/or 

functional configuration of the microbiota’s beneficial and protective microorganisms20, is 

widely associated with susceptibility to a wide range of diseases and health altering 

conditions such as inflammatory bowel disease, Crohn’s disease, celiac disease, irritable 

bowel syndrome, type I and type II diabetes, obesity, asthma, psoriatic arthritis, atopic 

eczema, and mood disorders99,133. In addition, dysbiosis has been linked to 

compromised intestinal barrier integrity15,21,22, and subsequent increased systemic 

low-grade 15,18,19,134 characterized as a persistent state of inflammation occurring in the 

absence of an inflammatory disease135. The intestinal barrier consists of a single layer of 

epithelial cells sealed with tight junctions’ complexes, junction adhesion molecules and 

an overlying mucus layer. Together, these components precisely regulate selective 

permeability to nutrients, water and electrolytes, while hindering the translocation of 

pathogens into systemic circulation through coordinated innate and adaptive mucosal 

immune responses136–138. Disruption of any component of the intestinal barrier can result in 

altering its selective permeability and expose the circulatory system to gut-derived 

bacterial products such as endotoxins139–143, also referred to as lipopolysaccharides 

(LPS). LPS are the major glycolipid component of the outer membrane of gram-negative 

bacteria144. In a homeostatic state, circulating levels of LPS are either undetectable or very 

low145. When intestinal permeability is increased, LPS can infiltrate the enterocytes and 

reach the lymphatic and circulatory systems146o, bind to its receptor on the membrane of 

 
o The accumulation of circulating LPS can lead to metabolic endotoxemia, characterized by LPS 
concentrations levels approximately 10 to 50 times lower than those observed in septic conditions246. 
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both immune and nonimmune cells134p, and finally trigger the release of pro-inflammatory 

adipokines and cytokines (including TNF-α147–150, IL-1β, and IL-6 148,150). Evidence strongly 

supports the role of immune responses and low-grade inflammation as key contributors to 

insulin resistance and, as a result, impaired glucose tolerance. Through a bidirectional 

endocrine-immune crosstalk, pro-inflammatory cytokines can interfere with insulin 

signaling pathways and downregulate insulin receptor expression resulting in decreased 

sensitivity in insulin sensitive tissues151,152. While these outcomes are typically associated 

with obesity and metabolic disorders, it has been shown that LPS-induced low-grade 

inflammation can lead to the development of insulin resistance in rats, even in the 

absence of weight gain or obesity153. In line with this, another study involving both animal 

and human models demonstrated that LPS exposure rapidly increased plasma levels of 

GLP-1 as a compensatory response mediated by enteroendocrine cells154. These 

observations reinforce the role of low-grade inflammation as a modulator of glycemic 

control. While these findings in animal models reinforce the role of low-grade 

inflammation as a modulator of glycemic control, evidence in humans remains 

inconsistent. Furthermore, the mechanistic pathways by which the gut microbiota may 

modulate glycemic regulation in humans remain in the early stages of investigation. 

Nevertheless, ongoing advances in sequencing technologies are expected to provide 

greater clarity in the years ahead. 

Mutualists bacteria within the gut microbiota contribute to numerous biological processes 

through enzymes not encoded by the human genome, including the synthesis of vitamin K, 

the conversion of dietary choline, the degradation of bile acids (~5-10%), and the 

fermentation of dietary fibers into short-chain fatty acids (SCFAs). These SCFAs serve as 

energy substrates for enterocytes and help reinforce the integrity of the intestinal barrier99. 

Acetate, propionate, and butyrate are the primary SCFAs resulting from the bacterial 

fermentation of dietary fibers by the gut microbiota. Their production occurs in the 

 
p Immune cells: macrophages, monocytes, Kupffer cells and preadipocytes; nonimmune cells: adipocytes, 
hepatocytes and endothelium cells. 
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approximate ratio of 60:20:20155 and they are found in millimolar concentrations in the 

large intestine, where they are readily absorbed by passive and active transport through 

the epithelium156, with only 5-10% being excreted in feces157. Once absorbed, SCFAs follow 

different metabolic pathways: 1) colonocytes oxidize butyrate as a major energy substrate, 

resulting in the production of ketone bodies and carbon dioxide99,110; 2) hepatocytes 

metabolize most of acetate, as well as residual butyrate and propionate for 

gluconeogenesis110; and finally 3) myocytes oxidize residual acetate110. Acetate is the most 

abundant SCFA in systemic circulation, while butyrate and propionate are found in smaller 

amounts110. SCFAs have well-documented anti-inflammatory properties106 and play a key 

role in gut-immunity crosstalk108,109. They were also shown to contribute to reinforcing the 

colonic intestinal barrier functions by increasing the expression of tight junctions98,105,106 

and to suppress LPS-induced release of TNF-α from human neutrophils in cell culture107. 

The mechanisms underlying how SCFAs can decrease the expression of pro-inflammatory 

cytokines are not yet fully understood, but one of the proposed mechanisms is via the 

inhibition of nuclear factor kappa-B (NF-κB) pathway, which plays a central role in 

activating the transcription of genes encoding proteins involved in immune and 

inflammatory responses158. In addition, SCFAs play a crucial role in various energy 

metabolic processes. They are involved in glucose metabolism by promoting the secretion 

of insulin, GLP-1 and peptide YY through the activation and upregulation of G protein-

coupled receptors in intestinal epithelial cells. SCFAs also contribute to lipid metabolism, 

including fatty acid and cholesterol biosynthesis98,109,110. While acetate, propionate, and 

butyrate have been extensively studied, other SCFAs present at lower fecal concentrations 

are now receiving increased research attention. Branched short-chain fatty acids (BCFAs) , 

primarily isovalerate and isobutyrate, are of particular interest, as they are suggested 

markers of protein fermentation, a process that can lead to the production of microbial 

metabolites potentially harmful to the colonic epithelium159. 
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Randomized-Controlled Trials 

Herein, we critically examine RCTs that have investigated the cumulative effects of 

sucralose consumption on postprandial glycemic responses in humans, defined as 

exposures lasting seven days or longer. Given the diversity in study methodologies and 

outcomes, we adopted an individualized review strategy to critically assess each study’s 

design and contribution. Each study is separately reviewed to evaluate its experimental 

design, statistical analyses, interpretation of findings, and its contribution to the broader 

scientific understanding of sucralose’s metabolic effects. This approach was chosen due 

to the substantial heterogeneity across study designs, including major differences in 

dosage, form of administration (i.e., beverages, capsules), duration of exposure, 

comparator selection (i.e., water, SSB with or without matching for relative sweetness, 

other type of LCS-sweetened beverage), methods for assessing glucose tolerance, 

statistical analyses, and transparency in reporting outcomes. In our view, this variability 

precludes meaningful synthesis through systematic reviews or meta-analyses and instead 

necessitates individual critical appraisal of relevant RCTs. Highlighting these 

methodological inconsistencies is essential to understanding why, to date, no clear 

consensus has emerged regarding the effects of sucralose on postprandial glycemic 

responses in humans. To identify relevant studies, we conducted a literature search using 

PubMed. The search strategy included combinations of the following keywords: A) low-

calorie sweeteners, artificial sweeteners, non-nutritive sweeteners, sucralose; B) glycemic 

control, glycemic responses, glycemic, glycemia, glucose tolerance, glucose homeostasis. 

Each query paired at least one term from Group A with one from Group B to ensure that 

retrieved articles addressed both the exposure and the outcome of interest. We focused 

on meta-analyses, systematic reviews, and randomized controlled trials conducted in 

healthy adults. Narrative reviews were also consulted to identify additional references that 

may not have appeared in the initial search. Only studies that specifically examined 

sucralose, with a minimum exposure duration of seven days, and that assessed 

postprandial glycemic responses were included. In addition to the database search, we 

manually screened the reference lists of all included publications to identify further 
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relevant studies. This process yielded a total of 11 studies that met the inclusion criteria. 

While the employed search strategy was extensive, we did not perform a systematic 

review. Therefore, some studies may have been missed. A summary of the included 

randomized controlled trials is provided in Table 1. 

The current body of evidence on the effects of sucralose on 
postprandial glycemic responses is marked by considerable 
heterogeneity in study design. Key differences include dosage, 
form of administration (i.e., beverages, capsules), duration of 
exposure, comparator selection (i.e., water, SSB with or without 
matching for relative sweetness, other type of LCS-sweetened 
beverage), methods for assessing glucose tolerance, statistical 
analyses, and transparency in reporting outcomes. This variability 
precludes meaningful synthesis through systematic reviews or 
meta-analyses and instead calls for individual critical appraisal of 
relevant RCTs. Highlighting methodological inconsistencies is 
essential to understanding why, to date, there is no clear 
consensus regarding the effects of sucralose on postprandial 
glycemic responses in humans. 
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Table 1. Randomized-controlled trials evaluating the cumulative effects of sucralose consumption on postprandial glycemic responses in humans. 

Year  Authors Study design 
Participants 

 characteristics 
Duration  

of exposure 
Follow-

up 
Sucralose 

 type Form Dose Comparator(s) 
Measurement 

technique 
GLYCEMIC 

RESPONSES 
INSULIN  

RESPONSES 
INSULIN  

SENSITIVITY GLP-1 

2017 Grotz et al. parallel 
double-blind 

47 healthy men 12 weeks 4-week commercial  capsules 1000 mg placebo  
(cellulose) 

75g OGTT No effect No effect N/A N/A 

2018 Lertrit et al. crossover 
double-blind 

15 healthy adults 
(11W, 4M) 

LCS low consumers 

4 weeks 
1 week 

washout 

none pure  capsules 200 mg/day placebo  
(empty 

capsules) 

75g OGTT 
IVGTT 

No effect ↑ ↓ ↑ 

2018 Romo-Romo 
et al. 

parallel 
open-label 

61 healthy adults 
(49W, 17M) 

LCS low consumers 

14 days none commercial  sachets 15 mg/ 
kg BW/d 

no intervention FSIVGTT No effect ↑ ↓ N/A 

2019 Thomson  
et al. 

parallel 
double-blind 

30 healthy men 7 days none commercial  capsules 780 mg/day placebo  
calcium 

carbonate 
(210 mg/day) 

75g OGTT No effect No effect No effect N/A 

2019 Higgins et al. parallel 
single-blind 

123 healthy adults 
living with overweight 

or obesity  
(50.0-64.3% women) 

12 weeks none not specified beverages 160 mg/day sucrose  
(400-560 kcal) 

75g OGTT No effect No effect N/A N/A 

2020 Ahmad et al. crossover 
double-blind 

17 healthy adults 
 (10W, 7M) 

LCS low consumers 

2 weeks 
> 4-week 
washout 

none pure beverages 136 mg aspartame 
 (425 mg/day) 

75g OGTT No effect No effect No effect No 
effect 

2020 Dalenberg  
et al.  

parallel 
double-blind 

39 healthy adults 
(21W, 18M) 

no control for 
menstrual cycle  

LCS low consumers 

7 cans over 
10 days 

none pure 
 

commercial 

beverages 60 mg/can 
 

60 mg + 32 g 
maltodextrin/

can 

sucrose  
(30 g) 

75g OGTT No effect 
 

No effect 

No effect 
 
↑ 

No effect 
 
↓ 

N/A 

2020 Bueno-
Hernández 

 et al.  

parallel 
double-blind 

95 healthy adults 
(58W, 37M) 

10 weeks none not specified beverages 48 mg/day 
 

96 mg/day 

water 75g OGTT ↑ 
 

No effect 

↑ 
 

No effect 

↓ 
 

No effect 

N/A 

2022 Méndez-
García 
 et al. 

parallel 
open-label 

40 healthy adults 
(26W, 14M) 

sucralose low 
consumers 

10 weeks none pure beverages 48 mg/day water 75g OGTT ↑ No effect No effect N/A 

2022 Suez et al. parallel  
open-label 

120 healthy adults 
(78W, 42M) 

strict LCS non-
consumers 

2 weeks 2-week commercial  sachets 102 mg/day glucose (5 g) 
no supplement 

at-home OGGTs 
 using a 

continuous 
glucose monitor 

↑ No effect N/A No 
effect 

2023 Orku et al. parallel 
single-blind  

42 healthy women 4 weeks none not specified beverages 66 mg/day water 75g OGTT No effect No effect No effect No 
effect 

Abbreviations: body weight (BW), frequently sampled intravenous-glucose-tolerance test (FSIVGTT), intravenous glucose tolerance test (IVGTT), low-calorie sweeteners (LCS), men (M), oral glucose tolerance test (OGTT), women (W). 
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Grotz et al. (2017) 

Grotz et al. (2017)160 evaluated the effects of sucralose on glucose and insulin homeostasis 

in 47 healthy men who consumed either 1000 mg of sucralose (administered in three 333.3 

mg capsules per day) or a placebo with meals over a 12-week period, followed by a 4-week 

follow-up phase. Postprandial glycemic and insulinemic responses were assessed using 

repeated OGTTs, including two tests during screening to establish individualized baseline 

area under the curve (AUC), two during the intervention (weeks 6 and 12) and one during 

the follow-up visit (week 16). It should be noted that this study was originally conducted in 

1995–1996 as part of the Sucralose Food Additive Petition 7A3987 and submitted to the 

FDA by the Heartland Food Products Group (manufacturer of Splenda®) in support of 

sucralose’s approval as a food additive. After 12 weeks of sucralose supplementation via 

capsules, no statistically significant differences were observed between the sucralose and 

placebo groups in changes from baseline for postprandial mean glucose and insulin AUC. 

Notably, the absence of significant differences in baseline glucose and insulin AUC further 

supports the comparability of metabolic responses attributable to the intervention. A 

major strength of the study is the absence of prior sucralose exposure among participants, 

as sucralose had not yet been approved in Europe at the time of data collection (1995–

1996). This eliminated potential confounding from tolerance or accumulation effects and 

allowed for accurate compliance assessment through urine analysis, based on the 

presence or absence of sucralose. In addition, the 12-week duration remains among the 

longest exposure periods in RCTs on sucralose, and the inclusion of a 4-week follow-up 

phase is particularly valuable, as it allows for the evaluation of the persistence of any 

metabolic effects, an aspect rarely addressed in LCS research. 

This study is often cited as key evidence supporting the lack of sucralose effects on 

glycemic responses. However, important limitations constrain the generalizability of its 

findings. First, the study population consisted exclusively of men. The authors justified the 

exclusion of women as a means ‘’ to avoid the potential effect of menstruation-related 

hormonal changes on blood glucose and/or insulin measures ‘’. While this rationale 
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reflects a historically common practice in clinical research, it aligns with a broader pattern 

of excluding women from studies, a practice that persisted in North America until 

regulatory reforms by the U.S. National Institute of Health in 1993161 and the Canadian 

Institutes of Health Research in 2010162. Although this practice was generally accepted at 

the time the study was conducted (1995-1996), the article was published in 2017, and the 

exclusion of women was not acknowledged as a limitation despite current knowledge of 

the role of sex hormones in modulating metabolic outcomes. Further, sucralose was 

administered in capsule form, thereby bypassing orosensory perception and associated 

cephalic phase responses, mechanisms that may contribute to alterations in glucose 

tolerance observed with sucralose consumption. This mode of administration does not 

reflect typical intake patterns, where sucralose is consumed in foods and beverages. 

Consequently, the study’s findings may not accurately represent the metabolic effects of 

sucralose under ecological conditions. Another concern involves the reporting of within-

group changes. While the authors report that none of the between-group differences in 

postprandial glucose and insulin AUC were statistically significant, they also mention that 

some within-group changes reached statistical significance, albeit without being ‘’ 

clinically meaningful ‘’. However, they do not specify which outcomes were affected or 

provide corresponding p-values. This hinders independent evaluation of the data and limits 

the reader’s ability to assess the internal consistency and robustness of the findings. 

Although the study demonstrates methodological rigour in several respects, these 

limitations warrant cautious interpretation of its conclusions. 

Lertrit et al. (2018) 

Lertrit et al. (2018)89 examined the effects of repeated sucralose exposure provided as 200 

mg daily capsules for 4 weeks on glycemic and insulinemic responses in 15 healthy adults 

(11 women, 4 men) using a randomized, double-blind, crossover study. All participants 

were initially low consumers of LCS, had a body mass index (BMI) within normal range 

(23.1 ± 3 kg/m2), and were confirmed to be normoglycemic after an OGTT prior to 

enrollment. Following each 4-week intervention, which were separated by a one-week 
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washout period, plasma glucose, insulin, and active GLP-1 levels were measured after a 

75 g OGTT. The next day, acute insulin responses were assessed using an intravenous 

glucose tolerance test (IVGTT). No significant differences in glycemic responses were 

observed between conditions. However, sucralose exposure significantly reduced whole-

body insulin sensitivity (Matsuda index of 4.69 ± 1.67 vs 5.31 ± 2.56) and the acute insulin 

response (i.e., first phase of insulin secretion, 0-10 min) (58.9 ± 48.61 vs 69.94 ± 73.81 

mU/mL) compared to placebo. Moreover, an elevation in AUC of active GLP-1 was 

observed (23.16 ± 18.86 vs 18.5 ± 22.22 pmol/L · 120 min). The study design presents two 

key limitations that constrain the applicability of the results to real-world LCS 

consumption. First, the absence of baseline measurements limits the interpretation of the 

observed changes. Second, administering sucralose in capsule form bypasses cephalic 

phase responses linked to the orosensory perception of sweetness, as previously 

discussed in section Grotz et al. (2017). 

Romo-Romo et al. (2018) 

In a study similar to that of Lertrit and colleagues89, Romo-Romo et al. (2018)163 assessed 

glucose effectiveness, defined as the ability of glucose to promote its own uptake and 

suppress endogenous glucose production independently of insulin164, and insulin 

sensitivity in 61 healthy adults (predominantly women). Participants consumed 

commercial sucralose in beverages daily for 14 days at a dose equivalent to 15% of the ADI 

for sucralose, as defined by the WHO (15 mg/kg body weight/day165). Notably, this value 

exceeds the ADI established by the FDA of 5 mg/kg body weight/day36. Specifically, the 

actual sucralose dose received by the participants was reported as 123 ± 12.9 mg/d for 

women and 157.7 ± 12.9 mg/d for men. Following the intervention, participants exposed to 

sucralose showed a significant 17.7% reduction (interquartile range (IQR): -29.3% to -

1.0%) in insulin sensitivity, compared to a 2.8% reduction (IQR: -30.7% to 40.6%) in the no 

intervention group. In contrast, glucose effectivenessq remained unchanged in both 

 
q Glucose effectiveness is the ability of glucose to promote its own uptake and suppress endogenous 
production in the absence of an incremental insulin effect247,248. 
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groups. Notably, glycemic-insulinemic responses were assessed using the frequently 

sampled intravenous-glucose-tolerance test (FSIVGTT), a gold-standard method that 

provides detailed insights into beta-cell function and insulin dynamicsr. However, it is 

important to note that intravenous glucose administration bypasses incretin responses, 

particularly the secretion of GLP-1 and GIP, which is stimulated by oral glucose ingestion. 

Emerging evidence indicates that oral and intravenous glucose challenges may elicit 

opposed effects on skeletal muscle blood flow166, supporting the physiological relevance 

of the OGTT in assessing postprandial glucose tolerance in a research setting166. Therefore, 

while this study offers robust evidence regarding sucralose’s impact on insulin sensitivity, 

its conclusions about broader aspects of glucose metabolism should be interpreted with 

caution, considering the limitations inherent to the FSIVGTT method for assessing 

glycemic responses specifically. 

Thomson et al. (2019) 

In a cohort of 30 healthy men, Thomson et al. (2019)167 investigated the short-term effects 

of sucralose consumption on glucose homeostasis and gut microbiota composition using 

a randomized, parallel, double-blind design. Over a seven-day intervention period, 

individuals received either sucralose capsules (780 mg/day) or a placebo. Post-

intervention analyses revealed comparable postprandial glycemic and insulinemic 

responses to a 75 g OGTT across groups and conditions, along with similar measures of 

insulin sensitivity (Matsuda Index) and Homeostatic Model Assessment of Insulin 

Resistance (HOMA-IR). Similarly, supplementation with sucralose or placebo capsules did 

not result in statistically significant alterations in gut microbiota composition, as assessed 

by 16S rRNA sequencing. To contextualize the study’s conclusions and facilitate 

comparison with other RCTs discussed in this review, some limitations should be 

considered. First, the study did not report whether individuals were low consumers of LCS 

prior to enrollment, nor whether they were instructed to avoid LCS consumption outside of 

 
r The gold standard for measuring both glycemic and insulinemic responses in a research setting is 
euglycemic-hyperinsulinemic clamp (EHC).  
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the intervention capsules. Additionally, the exclusion of women, justified by the authors  to 

‘’ avoid potential menstrual cycle-related changes in insulin sensitivity ‘’, is difficult to 

defend in the context of a seven-day intervention. While cyclical fluctuations in estrogen 

levels are known to influence glycemic responses168,169, the average menstrual cycle spans 

21 to 35 days, making it both feasible and necessary to control for cycle phases in short-

term trials to enhance the generalizability of findings. Second, the study’s short duration 

may have constrained its ability to detect meaningful changes in glucose homeostasis, 

particularly in healthy individuals. The use of sucralose in capsule form further limits 

ecological validity, as it does not reflect typical consumption patterns (see section Grotz et 

al., (2017) for more details). Third, both the sucralose and placebo capsules contained 

calcium carbonate (210 mg/day), a compound recently shown to influence gut microbiota 

composition and function170. Finally, the study was powered to detect differences in 

glycemic responses, which may have educed its sensitivity to detect changes in gut 

microbiota composition, a limitation acknowledged by the authors. This limitation is 

compounded by the collection of only one fecal sample before and after the intervention, 

an approach that has been shown to be insufficient for capturing intrinsic variability of 

fecal microbial communities127. 

Higgins et al. (2019) 

Higgins et al. (2019)69 compared the effects of daily sucrose consumption to four 

commonly used LCS (including sucralose) on metabolic outcomes over a 12-week period 

in 123 healthy adults living with overweight or obesity. Participants were weight stable and 

reported low consumers of LCS. In a parallel-arm design, sucrose and LCS were provided 

in beverages matched for sweetness, with daily volumes ranging from 1.25 to 1.75 L, 

depending on body weight. The daily energy provided by the sucrose-sweetened beverages 

ranged from 400 to 560 kcal/day, although the authors did not report how this intake 

related to participants’ total energy requirements. In contrast, LCS doses were fixed 

regardless of beverage volume. Specifically, the dose for sucralose was set at 160 mg/day. 

Across all groups, mean glucose concentrations following OGTT increased from baseline 
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to week 12, but no significant treatment effect was observed. Moreover, glycemic and 

insulinemic iAUC values were similar between groups, although the effect of sweetener on 

glucose iAUC approached statistical significance. Interestingly, body composition 

assessed via dual-energy X-ray absorptiometry (DXA) revealed divergent changes; the 

sucrose group experienced a slight increase in total fat mass (+1.35 ± 0.25 kg), while the 

sucralose group showed a modest reduction (-0.31 ± 0.24 kg). These opposing changes in 

fat mass may have attenuated between-group differences in glycemic responses, 

potentially masking treatment effects. This study demonstrates key methodological 

strengths that enhance the contextual relevance of its findings. These include a 12-week 

exposure duration, a realistic sucralose dose, study beverages matched for relative 

sweetness, control for prior LCS consumption, and the use of a urinary biomarker to 

objectively assess compliance. However, some limitations also warrant consideration. 

Participants were not given dietary instructions beyond the consumption of the study 

beverages, allowing for potential intake of additional LCS, free sugars, and nutritional 

supplements, thereby introducing potential confounding factors.  

Ahmad et al. (2020) 

Using a randomized crossover approach, Ahmad et al. (2020)171 assessed the two-week 

effects of consuming sucralose- and aspartame-sweetened beverages at realistic doses  

(136mg/day and 425 mg/day, respectively) on glycemic outcomes in 17 healthy adults with 

a low habitual intake of LCS. Glycemic outcomes included postprandial glycemic-

insulinemic responses, as well as active GLP-1 concentrations, measured following a 75 g 

OGTT. Compared to baseline, no significant changes were observed in the total AUC for 

plasma glucose, insulin, or active GLP-1 following the two-week intervention with 

sucralose or aspartame. Insulin sensitivity, assessed using HOMA-IR, also remained 

unchanged compared to baseline values. There are several strengths in the experimental 

design of this study. The double-blind crossover design with a minimum four-week 

washout period was robust and the adequacy of the washout period was demonstrated to 

be sufficient for reinstating baseline fasting concentrations of plasma glucose, insulin, and 
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GLP-1. Potential confounders such as LCS consumption, both prior to and during the 

intervention period, as well as substantial changes in dietary intake and physical activity 

were carefully controlled. Also, efforts were made to account for the menstrual cycle, 

including the exclusion of participants with irregular menstrual cycles or those using 

contraceptive pills. However, the study did not specify whether other hormonal 

contraceptive methods, such as hormonal IUDs, were controlled for despite their 

increasing use among women. The study reported that OGTTs were performed after the 

cessation of menses, but the timing relative to the follicular phase was not specified. 

Standardizing the administration of the OGTT to a consistent phase of the menstrual cycle 

(preferably the follicular phase, when female sex hormone levels are at their lowest)168 

would have allowed for more accurate comparisons of treatment effects. As previously 

noted in this review, this consideration remains particularly relevant when assessing 

postprandial glycemic responses in women, given the influence of cyclical estrogen 

fluctuations on glucose metabolism168,169. Nonetheless, efforts to account for menstrual 

cycle–related metabolic effects represent a methodological improvement over several 

other RCTs and warrants acknowledgment. While the study design is methodologically 

sound, two notable limitations warrant consideration. The first relates to the absence of a 

non-LCS comparator. The study compared two LCS-sweetened beverages, sucralose and 

aspartame, without including a non-LCS comparator, such as SSB. As previously 

emphasized in this review, each LCS possesses a distinct chemical structure, which 

underscores the importance of evaluating their metabolic effects using 1) sweetener-

specific hypotheses13,67–69, and 2) comparators that are neither other LCS nor water70,172–175 

(see section cumulative effects of sucralose on postprandial glycemic responses in 

humans for more details). The second limitation concerns the analytical approach to 

postprandial glycemic responses. These were reported using total AUC values, therefore 

not adjusted for fasting glucose levels. Because total AUC is strongly correlated with 

fasting glucose176, this approach introduces variability due to interindividual differences at 

time 0 of the OGTT. In contrast, iAUC specifically measures the rise in glycemic responses 
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above the fasting glucose level176. By subtracting fasting values, iAUC more accurately 

captures postprandial glucose dynamics in nutritional interventions176. 

In a follow-up analysis, the authors examined the effects of the intervention on gut 

microbiota using fecal samples collected during the original trial177. 16s rRNA sequencing 

revealed no significant changes in the relative abundance of the four dominant bacterial 

phyla (Bacteroidetes, Firmicutes, Actinobacteria, Verrucomicrobia), nor in α-diversity 

(Shannon index) or β-diversity (Bray-Curtis Dissimilarity). In addition, fecal concentrations 

of six SCFAs (acetate, propionate, butyrate, isovaleric acid, valeric acid, hexanoic acid) 

were measured and found to the unaffected by the intervention. These findings suggest 

that neither sucralose nor aspartame measurably altered gut microbiota composition or 

SCFA concentrations when consumed at realistic doses for two weeks. Interestingly, a 

significant sequence effect was detected in β-diversity, indicating that the order in which 

participants received the LCS in the crossover design influenced microbial community 

structure. However, how the order of LCS administration affected β-diversity remains 

unclear. It should be noted that these findings were reported to be exploratory by the 

authors, as the original study was powered to detect differences in glycemic responses 

rather than changes in gut microbiota outcomes. 

Dalenberg et al. (2020) 

To prevent repetition, the findings of Dalenberg et al. (2020)178 are discussed in the section 

titled Uncoupling sweet taste from energy. 

Bueno-Hernández et al. (2020) 

In this parallel-group, double-blind RCT, 95 healthy young adults consumed either water, 

48 mg or 96 mg of sucralose daily, over a 10-week period to assess the cumulative effects 

of sucralose consumption on glucose tolerance and insulin sensitivity. Participants were 

instructed to avoid other sources of LCS during the study, although prior LCS consumption 

was not considered an exclusion criterion. To assess glycemic and insulinemic responses, 
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a three-hour 75 g OGTT was administered at week 0 and week 10. Each OGTT was 

preceded by a preload of the assigned intervention beverage, ingested 15 minutes prior to 

glucose. Bueno-Hernández et al. (2020)179 found that 10 weeks of sucralose consumption 

significantly increased glycemic and insulinemic responses at specific times points during 

the OGTT (glucose concentrations: −15, 0, and 120 minutes; insulin concentrations : 0, 30, 

105, and 120 minutes) in the 48 mg group compared to baseline. However, no statistically 

significant changes were observed in the 96 mg group, suggesting that the observed effects 

were not consistently replicated at a higher dose. The study’s strengths include its double-

blind design and the use of weekly food frequency questionnaires to monitor dietary 

intake. However, the findings should be interpreted with caution due to a key 

methodological limitation that affects internal validity. Specifically, the inclusion of a 

sucralose preload immediately before each OGTT introduces an acute exposure, which 

complicates the interpretation of cumulative metabolic effects. Without a separate test to 

isolate cumulative responses, it is unclear whether the observed changes in glucose and 

insulin dynamics reflect the cumulative impact of repeated sucralose intake or an acute 

response to the sucralose preload. Additional limitations, though less critical, concern the 

study beverages. These include the lack of sweetness matching across intervention 

beverages, the sucralose concentration substantially higher than commercially available 

beverages (i.e., 48 mg or 96 mg per 60 mL) and the absence of flavoring, which may have 

compromised blinding, particularly for participants in the control group who received plain 

water. 

Méndez-García et al. (2022) 

This study investigated the effects of 10-week sucralose consumption on the abundance of 

selected bacterial species within the Actinobacteria, Bacteroidetes, and Firmicutes phyla, 

and explored potential associations between gut microbiota profiles and glycemic-

insulinemic responses in 40 healthy adults. Participants included women and men who 

were low consumers of LCS. The daily sucralose dose was provided in a 60 mL solution (48 

mg/day), while the control group received plain water. At baseline and post-intervention, 
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glycemic and insulinemic responses were assessed using a three-hour OGTT and one fecal 

sample was provided to evaluate microbiota composition via quantitative polymerase 

chain reaction. Méndez-García et al. (2022)180 found that sucralose intake significantly 

altered the abundance of specific species from the Firmicutes phyla, with a threefold 

increase in Blautia coccoides and a 0.66-fold decrease in Lactobacillus acidophilus 

compared to baseline; while no significant changes were observed in the abundance of 

Bifidobacterium longum or Bacteroides uniformis, representing Actinobacteria and 

Bacteroidetes, respectively. While the study abstract reported that sucralose increased 

serum insulin and glucose AUC compared to water, a closer examination of the full dataset 

reveals a more nuanced interpretation. Notably, no statistically significant differences 

were observed in plasma glucose AUC between groups following the 10-week intervention. 

The increase in glucose AUC was only significant within the sucralose group when 

comparing post-intervention to baseline values (8 ± 1.7%), whereas the water group 

showed no change. However, when analyzing plasma glucose concentrations during the 

OGTT within the sucralose group, no significant differences were detected. Regarding 

insulinemic responses, the sucralose group exhibited a significant 32 ± 3.5% increase in 

the insulin peak at 30 minutes during the OGTT, yet no significant differences in insulin 

AUC were observed between groups or across intervention conditions. Taken together, 

while the abstract suggests that sucralose alters postprandial glycemic-insulinemic 

responses, the full dataset indicates that these effects were limited to within-group 

changes and were not consistently supported by between-group comparisons. 

The study demonstrates commendable design features. Notably, it appears to have been 

specifically powered and structured to detect changes in gut microbiota composition, 

although this is not explicitly stated in the methods section. The exclusion of individuals 

who had received antibiotic treatment within six months prior to enrolment, along with 

weekly monitoring of macronutrient intake and physical activity, and dietary instructions to 

avoid all sources of LCS throughout the intervention, further strengthen the internal validity 

of the findings. Notwithstanding methodological strengths, a notable limitation concerns 

the narrow scope of the microbiota analyses. While the study concluded that long-term 
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sucralose consumption induces gut dysbiosis, this interpretation may be overstated given 

the restricted taxonomic resolution and the limited scope of microbial profiling. 

Specifically, the analysis focused on only four bacterial species using qPCR, rather than 

employing broader profiling techniques such as16S rRNA gene sequencing. Although qPCR 

is highly sensitive for detecting and quantifying preselected bacterial species181, it remains 

limited to the species included in the assay; more precisely, those targeted by the primer 

design181. Therefore, the qPCR approach limited the ability to detect broader shifts in 

bacterial community structure and diversity, potentially overlooking changes in non-

targeted taxa that may have contributed to the observed metabolic effects. Of particular 

note, recent evidence supports the complementary use of qPCR alongside 16S rRNA gene 

sequencing to obtain a more comprehensive understanding of microbiota dynamics182. 

Another limitation of the microbiota study design is the collection of only one stool sample 

per condition, which restricted the ability to capture temporal microbiota dynamics and 

intra-individual variability. Other noteworthy limitations should also be acknowledged 

regarding the assessment of postprandial glycemic responses. Although participants were 

characterized as low sucralose consumers prior to the study, intake of other LCS was not 

assessed or included as an exclusion criterion. Lastly, the sucralose concentration in the 

study beverage was higher than that found in commercially available products, which may 

limit the ecological validity of the findings. 

Suez et al. (2022) 

The pioneering work of Suez et al. (2014)12 provided foundational evidence that LCS intake, 

at doses within the ADI, can impair glucose homeostasis by inducing compositional and 

functional alterations in the gut microbiota, as demonstrated across multiple experimental 

models. Saccharin was the only LCS included in the human component of the 

experimental design. To address the limitations of their original pilot study, Suez et al. 

(2022)13 expanded their investigation to include other types of LCS in a two-week study 

involving 120 healthy adults who were randomized to receive commercially available 

sachets containing either aspartame (240 mg/day), saccharin (180 mg/day), sucralose 
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(102 mg/day), stevia (180 mg/day), or glucose (5 g/day; control group) to be dissolved in 

water by participants. All sachets contained 5 g of glucose as a bulking agent. To 

complement the glucose control, a second control group that received no supplement was 

also included. Among the four LCS tested, only saccharin and sucralose were found to 

significantly impair postprandial glycemic responses compared to both control groups 

(glucose and non-supplemented controls). To further characterize these effects, within-

group analyses were conducted by comparing each participant’s glycemic response 

during exposure to their own average baseline iAUC. Sucralose supplementation led to a 

significant increase in glucose iAUC from the first week of exposure (mean difference: 

855.8; 95% CI: 134.8–1,577), which persisted into the second week (mean difference: 

976.3; 95% CI: 231.3–1,721), but subsided after discontinuation. Saccharin showed a 

similar pattern, with significant increases from baseline in both exposure weeks that did 

not persist during follow-up. Interestingly, sucralose was associated with greater 

interindividual variability in glycemic responses than saccharin, suggesting individual-

specific metabolic responses. In addition, no significant alterations in circulating levels of 

insulin and GLP-1 were detected, suggesting that the impairments in glycemic control 

were not mediated by changes in these hormones. No significant changes in glycemic 

outcomes were observed in either the glucose vehicle or non-supplemented control (NSC) 

groups across the study period. To our knowledge, this is the first study to assess glycemic 

responses with multiple OGTTs (nine OGTTs performed on predetermined days; baseline = 

2, intervention = 5, and follow-up = 2) at home with continuous glucose monitoring. This 

innovative design enabled high-resolution, real-world monitoring of glycemic dynamics, 

enhancing both the ecological validity and temporal resolution of the findings. 

To investigate whether changes in gut microbiome composition and function could 

underlie the altered glycemic responses observed with saccharin and sucralose 

consumption, shotgun metagenomic sequencing was performed on serial fecal samples 

collected throughout the study (baseline = 3, intervention = 6, follow-up = 2). Baseline 

microbiome composition and function were comparable across all groups. Notably, only 

saccharin and sucralose significantly altered the gut microbiome at genus and species 
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resolution compared to the no supplement control. No significant compositional changes 

were observed in both control groups, suggesting that the observed effects were specific 

to LCS exposure rather than the glucose bulking agent. Functional profiling of the gut 

microbiome revealed that all four LCS induced distinct shifts in microbial metabolic 

pathways, with sucralose showing the most pronounced effects. More precisely, sucralose 

was associated with changes in purine metabolism, while saccharin affected pathways 

related to glycolysis and glucose degradation. Building on the observed microbiome shifts, 

the authors next investigated whether these changes could causally influence glycemic 

control through fecal microbiota transplantation in germ-free mice. Fecal samples were 

collected from four top and three bottom responders (based on glycemic responses) from 

each intervention and control group, both at baseline (days 0–7) and at the end of the 

intervention period (day 21). Mice colonized with microbiota from day 21 of top responders 

in the sucralose and saccharin groups exhibited significantly elevated glycemic responses 

compared to those receiving baseline microbiota from the same donors, indicating a 

significant donor group effect. This effect was not observed in mice colonized with 

microbiota from top responders in the glucose or no supplement control groups. When the 

same protocol was applied using microbiota from bottom responders, no significant 

glycemic effects were observed in any group, except for saccharin, which induced elevated 

glycemia. In the sucralose group, baseline microbiota from top and bottom responders 

elicited comparable glycemic responses in mice but differed markedly in microbial 

composition and function. Specifically, mice colonized with microbiota from top 

responders showed enrichment in pathways associated with the biosynthesis of 

menaquinol (previously linked to type I and type II diabetes), purines, and pyrimidine. In 

contrast, microbiota from bottom responders were enriched in pathways associated with 

purine degradation as well as SCFAs biosynthesis, oxidation, and gluconeogenesis. 

Interestingly, SCFA-related pathways were either attenuated or undetectable in mice 

colonized with microbiota from top responders at baseline and day 21, respectively, 

highlighting the potential role of bacteria that either produce or utilize SCFAs in mediating 

the glycemic disruptions induced by sucralose. Interestingly, mice colonized with post-
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intervention microbiota from top responders also exhibited increased α-diversity (observed 

features); a pattern not observed in bottom responders. This finding is somewhat 

paradoxical, as reduced α-diversity of microbial species is typically considered a hallmark 

of dysbiosis and associated with various disease states99,124,133. Conversely, higher α-

diversity is generally thought to confer resilience to environmental perturbations and is 

often interpreted as indicative of a ‘’ healthier ‘’ gut microbiome124,183. The authors suggest 

that this increase in α-diversity may reflect a selective overgrowth of microbial taxa 

capable of using sucralose as a carbon source, rather than a shift toward a healthier 

microbiome ecosystem. Of note, α-diversity was assessed using a single metric evaluating 

richness only. Recent evidence emphasizes that α-diversity analyses should incorporate 

complementary metrics evaluating richness, evenness, information, and phylogenetic 

diversity to provide a more comprehensive and robust characterization of gut microbiota 

diversity184. Finally, the glycemic responses observed in colonized mice largely mirrored 

those of their human donors, providing experimental support for a causal role of 

sucralose-induced microbiome alterations in impairing glycemic regulation. Taken 

together, the findings from Suez and colleagues highlight an individualized microbiome 

response to sucralose consumption and support a causal relationship between specific 

microbial signatures and disruptions in glucose tolerance. 

This study is distinguished by several methodological strengths. First, LCS consumption 

was assessed over the preceding six months using a detailed food frequency questionnaire 

that captured both well-known sources, like diet beverages, and less apparent sources of 

LCSs including yogurt and chewing gum. A rigorous screening of 1,375 individuals ensured 

that only participants who had completely abstained from consuming LCS during this 

period were enrolled. Throughout the intervention, participants recorded all food intake 

and physical activity using a custom-developed smartphone application, enabling real-

time monitoring and feedback from the research team. This approach contributed to 

maintaining similar macronutrient intake (including dietary fiber and sugars) and physical 

activity levels across groups throughout the intervention. Lastly, the study included a 2-

week follow-up to assess whether changes in glucose tolerance persisted after cessation 
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of exposure. Notwithstanding the robust design of the study, a notable limitation lies in the 

omission of reporting absolute glucose iAUC values at baseline and post-intervention in 

the human model. Instead, only changes in glucose iAUC for the sucralose and saccharin 

groups are explicitly reported, limiting the ability to assess the magnitude of the observed 

effects. Without access to the absolute values, it becomes challenging to contextualize 

individual variability or evaluate the clinical relevance of glycemic impairments across 

groups.  

Orku et al. (2023) 

In a single-blind, parallel-arm RCT, Orku et al. (2023)185 investigated the effects of various 

LCS on glucose tolerance and GLP-1 release in 42 healthy young women. Over a 10-week 

period, participants consumed 330 mL of LCS-sweetened beverages daily, containing 

either sucralose (66 mg), saccharin (140 mg), aspartame (88 mg), or a combination of 

aspartame and acesulfame K (88 mg each), while the control group consumed plain water. 

Postprandial glycemic and insulinemic responses to a 75 g OGTT, along with fasting GLP-1 

concentrations, were measured at baseline and week 4. The study revealed no statistically 

significant differences in mean glucose concentrations between groups at 60, 120, and 

180 minutes during the OGTT. In addition, no within-group changes from baseline were 

observed. Similarly, mean glucose AUC values during the OGTT were similar across groups 

and intervention conditions. Following the intervention, significant differences in insulin 

concentrations at 60 and 120 minutes during the OGTT were observed between the 

sucralose and the aspartame/Ace-K group. Specifically, the sucralose group exhibited 

lower plasma insulin concentrations, although this difference was not statistically 

significant when compared to the water control group. Changes in insulin sensitivity, 

evaluated using the Matsuda Index, did not differ significantly between or within groups 

over the intervention period. Key strengths of the study include its 10-week duration, the 

exclusion of individuals with habitual LCS consumption, and contribution to the body of 

evidence on the effects of LCS on glucose tolerance in women. While the inclusion of only 

one sex may be viewed as a limitation, it is important to emphasize that a substantial 
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portion of existing research on the metabolic effects of LCS has been conducted 

exclusively in men, as already outlined in this review. Nonetheless, certain methodological 

and statistical limitations may have influenced the findings. The initial sample size targeted 

12 participants per group, but dropouts led to an unequal group distribution (11 

participants in each experimental group and 9 in the control group). Combined with the 

reduced overall sample size, this may have reduced the study's statistical power below the 

intended threshold. Glycemic responses were evaluated with total AUC, which does not 

account for interindividual differences in fasting glucose levels, unlike iAUC (see section 

Ahmad et al. (2020) for more details). Finally, the use of one-way ANOVA with Bonferroni 

correction to analyze postprandial glucose and insulin AUC values at baseline and week 4 

separately does not account for the repeated-measures nature of the data. This approach 

overlooks within-subject correlations and may limit the ability to detect nuanced temporal 

effects and individual variability, potentially underestimating the true impact of the 

intervention. 

Conclusion 

To date, existing evidence has not resolved the question of whether sucralose, when 

consumed under real-world dietary conditions, adversely impacts postprandial glycemic 

responses in humans. The current body of evidence is marked by substantial 

methodological heterogeneity, including major differences in dosage, duration of 

exposure, form of administration, comparator selection, methods for assessing glucose 

tolerance and statistical approaches. Strikingly, of the 11 RCTs critically evaluated in this 

review, only one accounted for the menstrual cycle171, while two excluded women on the 

premise that controlling for hormonal fluctuations was too complex160,186. Taken together, 

these inconsistencies undermine the generalizability and ecological validity of current 

findings. It is crucial for future research to adopt sweetener-specific hypotheses to 

elucidate the distinct physiological effects of LCS. Accordingly, until sufficient human data 

from RCTs is available for each compound, conducting systematic reviews and meta-

analyses on combined LCS should be considered scientifically unsound. Despite 
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advances in mechanistic insights, the extent to which alterations in the gut microbiota 

profile might contribute changes in postprandial glycemic responses associated with 

sucralose consumption remains highly contested, with findings that re both inconsistent 

and inconclusive. This is largely attributable to studies that were not originally designed to 

detect microbiota-related changes as a primary outcome, thereby limiting their ability to 

capture subtle shifts in the composition and function of bacterial communities. In light of 

the evidence presented in this review, there is a clear need for future studies to adopt 

standardized protocols for fecal sample collection and data analysis, and to ensure 

transparent and detailed reporting of microbiota outcomes to enhance the reproducibility 

and comparability of results. Although the current literature frequently implicates the gut 

microbiota as a potential mediator of sucralose-induced alterations in glucose tolerance, 

it remains plausible that these microbial shifts are reflective of broader, underlying 

physiological processes that are not yet fully elucidated. Despite many unanswered 

questions, one key takeaway emerges from this review: sucralose is not physiologically 

inert. Continued research is essential to disentangle the current evidence on its metabolic 

effects of sucralose on glucose homeostasis, particularly under realistic dietary 

conditions, to inform evidence-based dietary guidelines and clinical recommendations.  
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ABSTRACT 

Background : Low-calorie sweeteners have long been assumed to be metabolically and 

physiologically inert. Conflicting findings regarding the potential adverse effects of 

sucralose on glucose homeostasis have fueled ongoing debate, while substantial 

methodological variability across studies continue to hinder the establishment of a clear 

consensus. 

Objectives : This study aimed to evaluate the effects of three-week cumulative 

consumption of sucralose-sweetened beverages, compared with sugar-sweetened 

beverages, on postprandial glycemic responses in healthy adults under real-world 

conditions. To provide mechanistic context, we assessed insulin concentrations, gut 

microbiota composition and functionality, and plasma biomarkers of intestinal 

permeability and systemic low-grade inflammation. Additionally, we explored whether 

100% natural fruit juice (exploratory comparator) elicits distinct metabolic responses 

compared with sugar-sweetened beverages. 

Methods : Using a randomized parallel-group design stratified by sex, 42 individuals were 

randomly assigned to consume either sucralose-sweetened beverages (LCS), sucrose-

sweetened beverages (SSB), or 100% natural fruit juice (FJ) at dosage approximating real-

world consumption. The beverages were matched for sweetness and reflected 

commercially available products. At pre- and post-intervention, two serial fecal samples 

were collected, body composition was assessed by DXA, and a 75 g oral glucose tolerance 

test was performed. Plasma concentrations of glucose (0, 30, 60, 90, 120 min), insulin (0, 

120 min) as well as plasma biomarkers of intestinal permeability and systemic low-grade 

inflammation (0 min) were measured. Gut microbiota was analyzed for composition using 

16S rRNA sequencing (α-diversity and β-diversity metrics) and for short-chain fatty acids 

(SCFA) and branched-chain fatty acid (BCFA) concentrations.  

Results : Consuming sucralose-sweetened beverages for three weeks led to a significant 

increase in postprandial glycemic responses from baseline (PBonf = 0.040), despite no 
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change in insulin concentrations, an effect not observed in the SSB group (PBonf = 1.000). 

Clinically, this represented an 8.4% increase in postprandial glycemic responses in the 

LCS group, based on estimated marginal means (baseline: 5.00 mmol/L, 95% CI 4.36–

5.64; post-intervention: 5.42 mmol/L, 95% CI 4.78–6.06). These findings occurred in the 

absence of statistically significant differences in body composition, gut microbiota 

composition, fecal concentrations of SCFAs and BCFAs, and plasmatic biomarkers of 

intestinal permeability and systemic low-grade inflammation (all group x condition P ≥ 

0.083). In exploratory analyses, consumption of FJ led to similar postprandial glycemic 

responses to those observed with SSB (group x condition P = 0.099). 

Conclusion : This study provides evidence that realistic sucralose consumption over 21 

days impairs glucose tolerance in healthy adults, challenging the prevailing assumption 

that all LCS are physiologically inert. Continued investigation into the underlying 

mechanisms driving these metabolic effects remains essential. 
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INTRODUCTION 

Over the past decade, free sugars intake from beverages has decreased in North America 
8,9. This decline is hardly coincidental; it reflects mounting evidence implicating sugar-

sweetened beverages (SSB) in the pathogenesis of noncommunicable diseases and the 

resulting wave of public health regulatory measures, such as front-of-package labelling6,7, 

aimed at reducing free sugar intake. Accordingly, this led the food industry to shift its 

marketing strategies towards promoting low-calorie sweeteners (LCS) as healthier 

alternatives187. LCS such as sucralose, saccharin, aspartame, acesulfame K, and stevia 

offer the sweetness of sugar with fewer or none of the calories. Further, the food industry is 

rapidly innovating, with a primary focus on discovering new forms of LCS derived from 

natural sources188, which tend to be more favorably received by consumers. By 2030, the 

global market for LCS is projected to reach an all-time high of 39.4 billion $USD, mirroring 

the increasing demand for sugar alternatives worldwide10. As part of their most recent 

guidelines ‘’ Use of non-sugar sweeteners ‘’ released in 202368, the World Health 

Organization (WHO) conducted a systematic review and meta-analysis175 of 283 studies. 

These studies assessed the effects of LCS intake on health outcomes including body 

weight, adiposity, type II diabetes, cardiovascular diseases, eating behaviors and sweet 

preference in healthy adults, children, and pregnant women. Based on the evidence from 

97 prospective cohort studies, 47 case-control studies and 50 randomized-controlled 

trials (RCTs), the WHO issued a conditional recommendation that LCS should not be used 

as a mean of achieving weight control or reducing the risk of noncommunicable diseases68. 

This conclusion stems from inconclusive evidence that substituting LCS for free sugars 

confers long-term health benefits beyond those achieved by simply reducing free sugar 

intake, rather than on evidence indicating potential harm associated with their 

consumption. 

 
s Free sugars are defined as any types of simple sugars added to beverages or food products as part of their 
transformation by food industries or preparation by the consumer, in addition to sugars naturally present in 
fruit juices, fruit juice concentrates, honey, and various syrups3. 
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For a long time, LCS were assumed to be metabolically and physiologically inert. Today, 

growing research interest regarding the potential metabolic effects of certain LCS has 

sparked heated debates within the scientific community as conclusions drawn by the 

WHO challenged many expert reviews67,70,172,174,189–192. This is particularly evident when 

examining the effects of sucralose, the most extensively used LCS in food products and 

beverages11,14, on glucose homeostasis. This lack of consensus is exemplified by 

conflicting findings, largely attributable to substantial variability in study outcomes and 

experimental designs across RCTs. Among the RCTs included in the recent WHO 

systematic review and meta-analysis, 13 studies involved sucralose, of which only eight 

assessed glycemic outcomes 60,69,75,89,179,193–195. Findings from studies assessing the effects 

of various LCS on fasting plasma glucose concentrations are frequently interpreted and 

cited as evidence that sucralose has no effect on glycemic responses23–25. However, this 

interpretation overlooks the limitation of fasting glucose measurements in detecting early 

or subtle impairments in glucose tolerance, particularly in healthy individuals. 

Epidemiological evidence indicates that postprandial glycemia is a stronger predictor of 

cardiometabolic outcomes than fasting blood glucose29–31. Specifically, postprandial 

hyperglycemia has been shown to double cardiovascular mortality risk in non-diabetic 

individuals despite normal fasting glucose30. Beyond epidemiological associations, 

mechanistic evidence indicates that postprandial hyperglycemia was associated with 

oxidative stress and endothelial dysfunction independently of HbA1c and fasting glucose32. 

This suggests that postprandial glycemic excursions may contribute to microvascular 

damage even when conventional glycemic markers remain within normal ranges. Another 

source of heterogeneity in study outcomes stems from the methodological approach 

adopted to investigate LCS consumption under either acute or cumulative exposure, each 

of which may yield distinct metabolic effects. In humans, the effects of LCS on 

postprandial glycemic responses have been most extensively studied under acute 

conditions64–66. Conversely, the WHO’s systematic review and meta-analysis175 focused 

exclusively on repeated exposure, including RCTs with a minimum intervention duration of 

seven days for glycemic outcomes. Acute exposure typically involves using a preload 
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design, which assesses the acute impact of a single LCS dose on glucose tolerance. 

However, from a clinical perspective, evaluating the cumulative effects of frequent 

consumption is more relevant as any potential adverse or beneficial metabolic effects are 

more likely to arise from long-term dietary patterns rather than isolated exposures. Further 

adding to the complexity of LCS research is the consistent evidence that each LCS exerts 

distinct physiological effects and therefore, must be examined using sweetener specific 

hypotheses13,67–69. Each LCS possesses a unique chemical structure that influences how it 

is digested, absorbed, metabolized, and excreted37. Nevertheless, systematic reviews and 

meta-analyses continue to draw inference on LCS as a collective “class of compounds” 

rather than analyzing them individually. Finally, recent narrative reviews, commentaries, 

and expert consensus67,189–192, systematic reviews and meta-analyses70,172–175 emphasized 

the importance of the comparator in RCT design. In case of LCS, direct comparisons 

between LCS and SSB provide more real-world relevance than comparisons between LCS 

and water since LCS-sweetened beverages are marketed as alternatives to SSB, not as 

alternatives to water. 

To address limitations in the current literature, we evaluated the effects of a 3-week 

consumption of sucralose-sweetened beverages on postprandial glycemic responses, 

compared with sugar-sweetened beverages, in healthy adults under real-world conditions. 

As secondary outcomes, we investigated parameters identified in previous research as 

potential mechanisms influencing glucose homeostasis, including insulin concentrations, 

gut microbiota profile, intestinal permeability, and systemic low-grade inflammation. 

These measures were incorporated to provide mechanistic context for interpreting 

glycemic outcomes, should differences be observed. Finally, we explored whether free 

sugars derived from a natural source (100% natural fruit juice) elicit distinct metabolic 

responses compared to refined sugars provided in SSB. This group was included as an 

exploratory arm, given the severely limited empirical evidence comparing fruit juice 

consumption with SSB on metabolic outcomes4. 
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METHODS 

Ethics Approval 

This study consisted of a single-blind, parallel arm, randomized, stratified by sex, 

controlled trial conducted at the University of Ottawa’s Behavioural and Metabolic 

Research Unit. The University of Ottawa’s Health Sciences and Science Research Ethics 

Board approved the protocol (ethics file number: H-04-20-5636), agreeing with the 

Declaration of Helsinki, except for registration in a publicly accessible database before the 

start of recruitment. This trial was registered at clinicaltrials.gov a posteriori 

(ClinicalTrial.gov ID: NCT07194772). All individuals provided written and informed consent 

before participating. 

Participants 

Recruitment 

A total of 222 screening questionnaires were reviewed to determine the eligibility of 

potential participants. Forty-seven individuals met all inclusion criteria and were invited to 

a preliminary session, where final eligibility was confirmed. Among the 47 individuals who 

underwent a preliminary session, two did not meet inclusion criteria and two declined to 

participate and were therefore not enrolled in the study. As a result, 43 individuals (22 

women and 21 men) were recruited with this purposive sampling approach. Of the 43 

enrolled participants, one woman withdrew from the study for personal reasons after 

completing the baseline experimental session and undergoing seven days of study 

beverages. Data from this participant was not included in the analyses. The recruitment 

process continued until 42 participants (21 men and 21 women). Recruitment began in 

December 2021 and the last participant was recruited in June 2024. Data collection took 

place from March 16, 2022, to June 27, 2024, with a one-year interruption from September 

2022 to September 2023 due to the first author’s parental leave. 
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Screening Process 

Inclusion criteria included ages 18-35 y, body mass index (BMI) between 18.0 and 34.9 

kg/m2, waist circumference < 102cm (men) and < 88cm (women) and a self-reported stable 

weight during the prior 6 months (± 2 kg) of beginning the study. Exclusion criteria 

consisted of (fasting glucose ≥ 6.1 mmol/L), blood pressure (> 140/90 mmHg), self-

reported medical history of anemia, autoimmune diseases, diabetes (type I and II), 

dyslipidemias (including hypercholesterolemia and hypertriglyceridemia), heart disease, 

hypertension, kidney disease, liver disease, thyroid disease, and surgery for weight loss. In 

addition, individuals who smoke tobacco (including vaping), habitually ingest > 2 alcoholic 

beverages/day, use cannabis or cannabis-derived products > 1 time/montht, exercise > 3.5 

h/week at a level more vigorous than walking, or use thyroid, lipid-lowering, glucose-

lowering, antihypertensive, antidepressant/antianxiety and weight-loss medications as 

well as antibiotics in the prior 3 months were excluded. Considering the multitude of 

medications known to indirectly affect inflammation, participants were additionally 

required to report any other medications to allow evaluation of potential interactions with 

inflammatory biomarkers and determine whether these might compromise study eligibility. 

Finally, individuals susceptible to exhibiting clinically relevant levels of food cravings as 

indicated by a score > 50 on the Food Cravings Questionnaire – Trait reduced (FCQ-T-r)196, 

were also excluded. FCQ-T-r (15 items) is a validated questionnaire197 that assesses four 

factors: (1) preoccupation with food (i.e., obsessive thought about food and eating), (2) 

loss of control (i.e., difficulty regulating eating behavior when exposed to food cues), (3) 

positive outcome expectancy (i.e., believing eating to be positively reinforcing), and (4) 

emotional craving (i.e., tending to crave food when experiencing negative emotion). All 

eligibility criteria were carefully chosen to select healthy individuals and to control for 

confounding factors that might have a direct or indirect influence on metabolic parameters 

measured in this study. All women who participated in this study were premenopausal. 

Because the inclusion of women is essential for generating representative and high-quality 

 
t Participants who reported using cannabis or cannabis derived products less than once per month were 
asked to refrain from using these products for the whole duration of the study to meet inclusion criteria.  
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data, additional criteria related to menstrual cycle phase and the use of hormonal or non-

hormonal contraceptives were applied to meet inclusion requirements. Details are 

provided in the supplementary files.  

Additional Inclusion Criteria for Women Related the Menstrual Cycle and the use of 

Hormonal and Non-Hormonal Contraceptives. 

All women who participated in this study were premenopausal. Because the inclusion of 

women is essential for generating representative and high-quality data, additional 

considerations were applied to meet inclusion criteria: women using no form of 

hormonal contraception or using copper intrauterine device (IUD)u were required to 

report having a regular menstrual cycle to be included; women using anovulants were 

advised to take their daily anovulant continuously for a period of 28 days to ensure stable 

hormone levels throughout the study (informed consent was obtained). Oral 

contraceptives release a low and stable daily amount of progestins, which were reported 

to have minor or no effects on glycemic responses of pre-menopausal women in a recent 

meta-analysis198; women using hormonal contraception such as hormonal intrauterine 

device (IUD)v and subdermal contraceptive implantw were included regardless of their 

menstrual cycle. Like anovulants, hormonal IUD release a low and stable amount of a 

progestin (levonorgestrel) into the uterus, therefore preventing periodic fluctuations in 

hormonal levels during the menstrual cycle. Since Levonorgestrel was included as one of 

the progestins in the aforementioned meta-analysis198, it was therefore assumed that 

hormonal IUD would also not have a meaningful impact on glycemic responses, especially 

as its effect is local rather than systemic; women using medroxyprogesterone acetate 

 
u Copper IUD release copper ions into the uterus which make the uterus and the fallopian tubes inhospitable 
to sperm, thus preventing fertilization of an egg.  
v Hormonal IUD releases a low and stable amount of a progestin, levonorgestrel, into the uterus. Progestins 
are used as a long-term contraceptive by thickening the cervical mucus, thus preventing sperm from entering 
the uterus for fertilization of an egg. 
w Subdermal contraceptive implants release a low and stable amount of a progestin, etonogestrel, from a 
small rod placed under the skin. Progestins are used as a long-term contraceptive by thickening the cervical 
mucus, thus preventing sperm from entering the uterus for fertilization of an egg. 
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injections (Depo-Provera shot)x were excluded given the pro-inflammatory effects 

associated with high doses of progestin; women experiencing pregnancy or lactation 

were excluded. 

Protocol 

Timeline 

Each participant completed a preliminary session and two experimental sessions 

(baseline and post-intervention). Participants were asked to come to the laboratory at 

~8h00 AM after a 12h overnight fast and were instructed to 1) refrain from consuming 

alcoholic beverages and using nonsteroidal anti-inflammatory drugs (e.g., ibuprofen 

(Advil™), Diclofenac diethylamine (Voltaren™ topical gel), Naproxen (Aleve™)) for 24 h 

preceding each session; 2) refrain from exercising for 12 h before each session; 3) drink 

plenty of water (~500 mL) to promote euhydration during the session. In addition, 

participants were given a standardized meal (President’s Choice Meat lasagna or Blue 

Menu Three-cheese macaroni, 365 kcal, 45% carbohydrates, 25% proteins, 30% lipids) to 

eat before starting the 12 h overnight fast for both experimental sessions. The baseline 

experimental session marked the beginning of the study on day 0. The post-intervention 

session occurred on day 22 after drinking 21 days of study beverages. 

Preliminary Session 

Height was measured without shoes using a stadiometer (Perspective Enterprises, USA). 

Body weight was measured without shoes using a beam scale (Tanita, USA). Waist 

circumference was measured following the WHO’s protocol and using a measuring tape199. 

Blood pressure was measured using an automatic sphygmomanometer on the left arm 

(OMCRON Automatic blood pressure monitor, model: BP755CAN-CD6, USA), and fasting 

blood glucose was measured using a blood glucometer (Bayer Contour next, Canada), a 

 
x Medroxyprogesterone acetate contains a progestin injected every 3 months in a higher dosage than 
hormonal IUDs or subdermal contraceptive implants, which suppresses ovaries from releasing an egg and 
thickens cervical mucus, thus preventing ovulation and fertilization. 
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lancing device, and lancets (TouchSense, USA). Supplementary information was obtained 

through an in-person screening questionnaire which included a comprehensive list of 

prescribed medications, dietary supplements, along with detailed information of 

participants’ menstrual cycle if applicable. Participants were then asked to complete three 

online questionnaires about their dietary habits (NIH DHQ II month modified 

questionnaire) and their relationship with food cravings (FCQ-T-r) accessible with a QR 

code. Upon confirmation of eligibility, the consent form was carefully reviewed with the 

participant in person. All individuals provided informed written consent before taking part 

to the study. Resting metabolic rate was measured using indirect calorimetry (VIASYS 

Healthcare, USA) in a thermoneutral dark room for 30 min200. Daily energy expenditure was 

estimated by multiplying resting metabolic rate by a physical activity factor of 1.55, which 

corresponds to light to moderate intensity exercise performed three to five days per 

week201. Finally, participants were provided with instructions and material for proper 

collection of two 10 mL fecal samples at home on separate days, within three days prior to 

their baseline experimental session (day 0). They also received specific dietary instructions 

to follow for the total duration of the study (21 days) and for a 7-day pre-intervention period 

preceding the baseline experimental session (day 0). More precisely, participants were 

asked to 1) maintain their usual ad libitum diet while refraining from consuming sugar-

sweetened beverages, fruit juices, and foods and beverages that contain LCS (education 

and documentation were provided to participants by a registered dietitian) and 2) refrain 

from drinking more than two alcoholic beverages per day, using cannabisy and taking any 

vitamin, mineral, dietary, probiotic, natural, herbal (including herbal tea) or sports 

supplements, and 3) maintain their usual physical activity and lifestyle habits.  

Experimental Design 

This study employed a single-blind, randomized, stratified by sex, parallel-arm design. 

Following the preliminary session, participants were randomly assigned to one of the three 

experimental groups (n = 14 per group; seven women and seven men per group): LCS : 

 
y Cannabis is known to influence appetite regulation and inflammatory processes249,250.  
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sucralose-sweetened beverages (Splenda® Original granulated sweetener), SSB: 

sucrose-sweetened beverages or FJ: 100% natural orange juice (Simply Orange Pulp 

free, Coca-Cola™). The primary aim was to investigate the metabolic effects of consuming 

sucralose-sweetened beverages in a real-world context, using sucrose-sweetened 

beverages as the main comparator; not to assess the effects of substituting free sugars 

with LCS in terms of energy displacement. Within this framework, this study was powered 

for a two-group comparison between the LCS and the SSB group using a sweetener-

specific hypothesis for sucralose. To provide insight into the metabolic effects of naturally 

occurring free sugars relative to free sugars derived from refined sources, the FJ group was 

then added as an additional exploratory arm. In light of the severely limited empirical 

evidence comparing FJ consumption with SSB4 or to any kinds of LCS on metabolic 

outcomes, we deemed the formulation of a specific hypothesis scientifically unwarranted. 

Consequently, findings for this group are presented as exploratory. (see Sample size 

determination for details). 

Experimental Sessions: Day 0 and Day 22 

Height, body weight, waist circumference, body composition, and blood pressure were 

measured during the baseline (day 0) and post-intervention (day 22) experimental 

sessions. Body composition analysis was performed using dual-energy X-ray 

absorptiometry (General Electric Lunar Prodigy, USA) preceding a 75 g oral glucose 

tolerance test (OGTT). To perform the OGTT, an intravenous catheter was inserted via an 

antecubital venipuncture and a fasting blood sample of 12 mL was drawn. This fasting 

sample was used for time 0 of OGTT, but also for measuring systemic inflammatory 

biomarkers and female sex hormones. Participants were given 5 min to drink a solution 

containing 75 g of glucose (Trutol™, Thermo Scientific). Blood draws of 12 mL were 

collected in EDTA-coated tubes (BD Vacutainer, USA) at 30, 60, 90 and 120 min following 

the ingestion of the glucose solution. Plasma was immediately separated from whole 

blood by centrifugation at 3,600 RPM (2,000 RCF) for 10 min at 4 °C. Plasma was then 

aliquoted and stored at −80 °C until analysis. Participants drank water ad libitum 
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throughout the session. Light snacks were provided before the participants were sent 

home with a one-week supply of study beverages. The study beverages were stored frozen 

in reusable bottles until they were distributed to participants in insulated lunch bags, with 

instructions to keep them refrigerated. Participants were instructed to consume their 

individualized daily dose in a minimum of three separate servings spread throughout the 

day (see Formulation and Dosage of Study Beverages for more details). Weekly visits were 

scheduled for participants to return their empty bottles and receive their next week’s 

supply of beverages. On the third week, participants were also provided with a 

standardized meal and materials for collecting two 10 mL fecal samples at home on 

separate days, within three days prior to their post-intervention session (day 22). 

Participants were explicitly instructed not to wash or rinse the bottles, as any remaining 

liquid was weighed during their weekly visits (average of remaining liquid < 5.0 g/day per 

participant). The reusable bottles were then cleaned and sanitized in a commercial 

dishwasher. 

Standardization of Menstrual Cycle Phase Across Experimental Sessions 

Women using no form of hormonal contraception or using copper IUD self-reported their 

last menstruation to predict the next two cycles. Experimental sessions were scheduled 

during the early follicular phase (i.e., first 7 days after the start of menstruation) of each 

cycle to minimize any potential confounding effect of female steroid sex hormones (e.g., β-

estradiol, progesterone) on glycemic and inflammatory responses. To do so, participants 

with longer cycle duration were instructed to delay consumption of study beverages by a 

few days after their baseline experimental session to ensure that post-intervention 

sessions consistently took place following 21 days of study beverages consumption (on 

day 22) for all participants.  

  



95 
 

Formulation and Dosage of Study Beverages 

SSB were formulated to achieve a total sugar concentration equivalent to that of 100% 

natural orange juice, specifically 99.47 g/L5. To match the sweetness of SSB, LCS were 

formulated according to Splenda® manufacturer information provided on product 

packaging, yielding a concentration of 11.94 g/L z. This formulation resulted in a pure 

sucralose concentration of 143.3 mg/Laa, which represents a realistic comparator to 

commercially available beverages such as to Diet Mountain Dew™ (50.7 mg/L) and in Diet 

Rite Cola™ (191.5 mg/L)53bb. SSB and LCS were of similar color and taste, flavored with 

Kool-Aid™ orange unsweetened drink mix supplemented with vitamin C (10% DV)cc (Kraft 

Foods Group, INC.) for blinding and palatability. All components of study beverages are 

detailed in a STAR Methods key resource table available in the Supplementary Files. 

Participants in the SSB and FJ groups consumed a daily volume of beverages to provide 

15% of their estimated total energy expenditure in the form of free sugars. This dosage was 

based on the average free sugar consumption of Canadian adults at the time of the study’s 

conceptualization, which was estimated to be 15% of energy requirements (Ereq) with 11-

13% of Ereq coming from added sugars202, and another estimated 2.2% of Ereq coming 

from fruit juice203. Recent studies using the 2015 Canadian Community Health Survey 

estimated that free sugar consumption in Canada ranges from 12-13.3% Ereq2,204, aligning 

closely with the dose used in the present study. Since sucralose does not contain free 

 
z More precisely, 3.1 g of Splenda® Original granulated Sweetener (containing 37.2 mg of pure sucralose) was 
used to achieve the sweetness provided by 100 kcal of sucrose resulting in a relative sweetness ratio of 1:694, 
whereas 3.6 g (containing 43.1 mg of pure sucralose) would have been needed for the ideal ratio of 1:600 
(sucralose is perceived to be 600 times sweeter than sucrose on a weight-for-weight basis23,36,37). 
aa According to the manufacturer's website (as of 2025), Splenda® Granulated Sweetener contains 1.2% pure 
sucralose by weight251. In contrast, an independent analysis conducted in 2008 reported a pure sucralose 
concentration of 1.1%252. Given the more recent and product-specific nature of the manufacturer’s data, the 
1.2% value was used in this study to reflect the current formulation. 
bb Manufacturers are not required to disclose the amount of LCS used in their products46. These specific 
beverages are cited here as their formulation was made available in the scientific literature.  
cc As of January 2020, the daily value for vitamin C in the United States increased from 60mg to 90 mg. The 
nutrition facts table on the Kool-Aid™ orange unsweetened drink mixes has a DV reference of 60mg. 
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sugars, the daily volume of beverages for participants in the LCS group corresponded to 

the volume they would have received if they had been part of the SSB or FJ groups.  

Plasma Analyses: Glucose-Insulin Dynamics, Intestinal Barrier Permeability, 

Systemic Low-Grade Inflammation, and Sex Hormones Profiling 

All biological samples were anonymized and analyzed by qualified personnel who were 

blinded to group allocation. Plasma glucose levels were measured in duplicate at 0, 30, 60, 

90, and 120 min following the 75 g OGTT, while plasma insulin levels were analyzed in 

duplicate at 0 and 120 min. Analyses were performed using colorimetric assays according 

to the manufacturer’s instructions, following previously published methods from our 

group205. Out of 112 fasting samples, 21 insulin values (LCS = 11; SSB = 10) fell below 

detection range of the assay kits, which is a common occurrence when measuring fasted 

insulin levels. These missing values were retained in the linear mixed-effects models by 

substituting them with the lowest detectable value (1 µU/mL), in accordance with standard 

practice for handling left-censored data. Plasma lipopolysaccharide-binding protein (LBP) 

(i.e., an indirect measure of endotoxemia and intestinal barrier permeability), zonulin (i.e., 

a mediator of intestinal permeability), as well as interleukin-6 (IL-6), C-reactive protein 

(CRP), and tumour necrosis factor-alpha (TNF-α) (i.e., systemic low-grade inflammation 

biomarkers) were measured in fasting plasma samples (0 min) by commercially available 

ELISA kits according to the manufacturer’s instructions. Plasma levels of sex hormones β-

estradiol and progesterone were analyzed (in women only) in duplicate in fasting plasma 

samples (0 min) using commercially available ELISA kits according to the manufacturer’s 

instructions, following previously published methods from our group 205. Additional details 

regarding all biological sampling are provided in the STAR Methods key resource table 

available in the Supplementary Files. 
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Gut Microbiota Composition and Functionality: DNA Extraction, 16S rRNA Sequencing, 
and Short-Chain Fatty Acids Quantification 

Serial Sampling 

Participants collected two 10 mL fecal samples on separate days within the three days 

preceding both their pre- and post-experimental sessions. Collecting two serial samples 

per time points allowed for subsequent pooling of samples for analyses to obtain a more 

representative profile of the gut microbiota composition130 (see Supplementary Files for 

more details on aliquoting methods). Each participant received a standardized sample 

collection kit, which included a 2 (+ 2 extras) disposable paper liners, two pre-labeled 

sample vials with integrated spatulas, labelling materials, a cold transport container, a 

biohazard-labeled transparent plastic bag, and a detailed bilingual instruction booklet 

(English/French). All collection steps were demonstrated in person using the provided 

materials to ensure participants understood the sampling procedure. Participants were 

instructed to label each vial with the date and time of collection and to wash their hands 

prior to handling materials. Feces were collected using a disposable paper liner affixed to 

the toilet seat. Approximately 10 mL of fecal material was transferred into a single vial 

using the integrated spatula, ensuring the sample reached the 10 mL fill line. The filled vial 

was immediately placed into the pre-frozen cold transport container (frozen for a minimum 

of 12 h), sealed in a biohazard bag, and stored in the participant’s home freezer at −20 °C 

until the day of their experimental session (within a 3-day window). For transport to the 

laboratory, participants were instructed to place the sealed biohazard bag containing the 

frozen transport container into a Styrofoam case enclosed in a resealable plastic bag 

immediately before leaving home. They were explicitly advised not to allow the samples to 

remain at room temperature. Upon arrival at the research facility, all labeled fecal samples 

were promptly transferred to a −80 °C freezer for storage until processed for analyses. 

Frozen samples were aliquoted into smaller tubes and pooled within each time point for 

subsequent analyses. Additional details are provided in the STAR Methods key resource 

table (see the Supplementary Files for more details). 
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Aliquoting 

Fecal samples were removed from the −80 °C and promptly placed on dry ice, along with 

labeled 2.0 mL polypropylene corning screw cap tubes (Axygen, USA). A ceramic tile 

covered in 2 layers of tin foil on dry ice was used as a cutting board to prepare fecal 

samples aliquots for downstream applications. Each fecal sample tube was dipped 

halfway into a beaker filled with lukewarm water for approximately 10 seconds to allow 

easier removal of the fecal sample from the sample vial. The bottom of the sample vial was 

then cut using a heavy-duty razor blade and sample was pushed out of the vial using a 

disposable, sterile 10cc syringe piston. Stainless steel knives cleaned with RNAse Away 

were used to cut fecal samples into smaller fragments. These fragments were then 

transferred to four pre-chilled 2.0 mL cryovials kept on dry ice until each tube was half-full. 

The process was repeated using the second sample from the same time point for the same 

participant, which fragments were transferred to the 4 cryovials already containing 

aliquots of the first fecal sample so that each cryovials contained a roughly 50-50 mixture 

of both fecal samples collected at the same time point for each participant. To expedite 

the process and minimize degradation of fecal samples, aliquoting was carried out by two 

individuals working in tandem, each performing specific tasks. Aliquots were promptly 

stored at −80 °C for subsequent analysis. The tin foil covering the ceramic tile and the 

gloves worn were replaced after processing each fecal samples while all other equipment 

was cleaned with bleach solution (12%) and RNAse Away between samples. Additional 

details are provided in the STAR Methods key resource table (see Supplementary Files for 

more details). 

DNA Extraction 

DNA was extracted using the QIAamp Fast DNA stool mini kit (Qiagen) according to 

manufacturer’s instructions. Briefly, 1mL of InhibitX buffer and five ceramic beads were 

added to the tube which was subsequently loaded into a homogenizer (TissueLyser II, 

Qiagen). The samples were homogenized for 45 seconds, followed by a 1 min break. This 

cycle was repeated 2 times for a total of three cycles. The homogenized mixture was then 
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transferred to a labeled 1.5 mL tube with a locking cap and incubated at 95 °C for six min 

on a dry bath (Bio-Rad). Tubes were then briefly vented to release pressure, vortexed for 15 

seconds and centrifuged for 2 min at 14,000 RPM (18,000 RCF). 400 µl of the supernatant 

was then transferred to a 2.0 mL tube containing 25 µl of protein kinase. Tubes were then 

vortexed for 15 seconds, 400 µl of Buffer AL was added tubes, vortexed again for 15 

seconds and then incubated at 70 °C for 10 min. After adding 400 µl of 100% ethanol to 

each tube and vortexing for 15-30 seconds, the sample mixture was transferred to a 

Qiagen spin column and centrifuged at 14,000 RPM (18,000 RCF) for 1 min and the filtrate 

was discarded. The spin column was then washed sequentially with 500 µl of Buffer AW1 

and 500 µl of Buffer AW2 and centrifuged to dryness. The spin column was finally 

transferred to a labeled 1.5 mL tube, and 100 µl of Buffer ATE applied directly to the 

membrane. The column was incubated for 1 min at room temperature and was then 

centrifuged to elute the DNA. DNA concentration and quality were measured using the 

Gen5 package on a Synergy HT plate reader. Additional details are provided in the STAR 

Methods key resource table (see the Supplementary Files for more details). 

16S rRNA Sequencing 

The 16S rRNA library (V3-V4 region) was prepared as described previously206 using the 

primers outlined in the STAR Methods Key resource table (see Supplementary Files for 

more details).The resultant product was sequenced using an Illumina Miseq (Illumina, San 

Diego, USA) following the manufacturer’s guidelines. The resultant FASTQ files were 

imported and analyzed using Qiime2 (version 2023.5)207, following previously published 

methods from our group206. To elaborate, following demultiplexing, sequences were 

denoised and chimaera-filtered using DADA2208. Features were aligned with MAFFT209 and 

the phylogenetic tree was generated with FastTree210. Taxonomy was classified using 

GreenGenes classifier 13.8211 and the sklearn naïve Bayes classifier212 . Finally, the features 

were filtered to include only those with a frequency of 5000 and present in at least 20 

samples.  
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Short-Chain Fatty Acids Extraction and Quantification 

Short-chain fatty acids (SCFAs: acetate, propionate, butyrate, valerate) and branched 

short-chain fatty acids (BCFAs: isobutyrate, isovalerate) were extracted from fecal 

samples as described previously206 with minor modifications. Fecal aliquots were removed 

from the −80 °C and placed into a benchtop Freeze Dryer for 48 h to ensure complete 

removal of moisture. The dried feces were weighed, mixed with 10 times the dry weight in 

water, and incubated at room temperature for 3 h with vortexing every 30 min for 15 

seconds. The samples were then centrifuged three times at 14,000 RPM (18,000 RCF) with 

supernatant collected after each centrifugation step, and 10ul of internal standard (5.5 

mM 2-ethylbutyric acid in 100% Formic acid was then added for each 100ul of resulting 

supernatant. The mixture was then filtered using 0.20 μm filters, then placed into glass 

inserts inside 2 mL glass snap top amber vials with 11mm Snap Caps. SCFA 

concentrations were assessed by standard curve on the gas chromatograph (GC) 

(Shimadzu, Kyoto, Japan; Nexis GC-2030), using a serial dilution of Volatile Free Fatty Acid 

Mix. The GC was equipped with a 0.25 μm column (Restek, #RSK-10226), a 10 μL syringe 

with 0.63mm OD (Shimadzu, Kyoto, Japan; SZ-221-34618-00), and a wool deactivated split 

glass insert (Shimadzu, Kyoto, Japan; SZ-220-90784-5). The samples were injected in 

triplicate, with a 1 µl volume. The column flow rate was set at 1.5 mL/min at a 20:1 split 

ratio, with helium as the carrier gas. The initial oven temperature of 100 °C/min was 

increased to 200 °C, and the detector temperature was set to 300 °C. The concentrations 

of two to three clean injections were averaged and used as the final value for each sample. 

Additional details are provided in the STAR Methods key resource table (see the 

Supplementary Files for more details). 

Statistical Analyses 

Differences in participant characteristics between experimental groups (LCS, SSB, FJ) at 

study enrolment were assessed using a one-way analysis of variance (ANOVA). Changes in 

participant characteristics between baseline and post-intervention were compared using 
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linear mixed-effects models with group (LCS, SSB, FJ) and experimental condition 

(baseline, post-intervention) as fixed effects, and participant ID as a random intercept. The 

effect of consuming LCS vs SSB on glycemic responses and insulin concentrations to a 75 

g OGTT was evaluated using linear mixed-effects models. For glycemic responses, the 

model included group, condition, and time (30, 60, 90, and 120 min) as fixed effects, 

participant ID as a random intercept, and fasting plasma glucose concentrations as a 

continuous covariate. The exclusion of the fasting time point (0 min) as a categorical 

predictor in all glycemic responses models was an explicit design choice as the three-

week intervention was hypothesized to affect postprandial plasma glucose concentrations 

rather than fasting glucose concentrations. Therefore, the current approach allows for a 

better evaluation of changes to the postprandial glycemic response to the OGTT, while 

also considering the interindividual variability in fasting glycemia. The inclusion of fasting 

glucose as a continuous covariate improved model fit, as indicated by a lower Akaike’s 

Information Criterion (AIC) value. To assess potential improvement in model performance, 

additional participant characteristics (age, sex, body weight, BMI, waist circumference, fat 

mass percentage, and ethnicity) were individually incorporated as covariates. None of 

these inclusions produced a reduction in AIC relative to the model with fasting glucose. For 

insulin concentrations, the model included group, condition, and time (0 and 120 minutes) 

as fixed effects and participant ID as a random intercept. In exploratory analyses, the same 

modeling approach used for glycemic responses and insulin concentrations was applied 

to compare FJ to SSB and to LCS in two distinct pairwise comparisons. A three-group 

comparison including FJ, SSB, and LCS was then conducted to further explore differences 

in postprandial responses across all conditions. All subsequent secondary outcome 

analyses were conducted using both a three-group comparison (LCS, SSB, FJ) and pairwise 

comparisons (LCS, SSB – FJ,SSB – FJ,LCS), to maintain consistency with the modeling 

approach applied to glycemic responses and insulin concentrations. Changes in plasma 

concentrations of β-estradiol, progesterone, LBP, zonulin, IL-6, CRP, and TNF-α were 

assessed using linear mixed-effects model with group and condition as fixed effects and 

participant ID as a random intercept. For all linear mixed-effects models, assumptions 
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such as homoskedasticity and normality of residuals were evaluated through visual 

inspection of diagnostic plots. If data were not normally distributed, as determined by the 

Shapiro–Wilk test, a logarithmic transformation was applied prior to analysis. For ease of 

interpretation and to maintain clinical relevance, all data are presented in their original 

units rather than in log-transformed form. All normally distributed data are presented as 

mean (standard deviation) and non-normally distributed data are presented as medians 

(interquartile range), unless stated otherwise. Reported P-values were adjusted for 

multiplicity using the Bonferroni technique. A two-sided P < 0.050 was considered 

statistically significant. The statistical analyses were conducted using jamovi (version 

2.3.28 with the gamlj module, version 2.6.6). Figures were created using GraphPad Prism 

(v.9.51; GraphPad Software, USA). 

Gut microbiota α-diversity metrics (i.e. within-sample communities) were analyzed using 

the Qiime2 core-metric method, with a sampling depth of 9794. These included Shannon 

index (captures both species richness (number of distinct taxa) and evenness of their 

abundance distribution), Pielou’s evenness index (evenness), observed features 

(richness), and Faith’s phylogenetic diversity (richness and evolutionary breadth)184. 

Differences in α-diversity metrics, as well as differences in fecal concentrations of SCFAs 

and BCFAs were assessed using linear mixed-effects model with group and condition as 

fixed effects and participant ID as a random intercept. Gut microbiota β-diversity was 

assessed with the Bray–Curtis dissimilarity, which quantifies differences in microbial 

community structure (species presence and relative abundances) between samples (i.e., 

within an individual across two conditions, here baseline and post-intervention). Bray–

Curtis dissimilarity was first analyzed using Qiime2 core-metrics imported into R studio (R 

core team, V4.4.2). The principal coordinate analysis (PCoA) was performed using the ape 

package213 and visualized using ggplot2214, followed by permutational multivariate analysis 

of variance (PERMANOVA) to assess differences between groups. The analysis was 

conducted using the adonis2 function from the vegan package in R (version 4.4.2), with 999 

permutations215. Taxonomic differences at the phylum and genus levels were evaluated 

using centered log-ratio transformed abundances to account for the compositional nature 
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of microbiome data216. Group-wise comparisons were conducted using Wilcoxon rank-

sum tests, and p-values were adjusted for multiple testing using the Benjamini–Hochberg 

procedure to control the false discovery rate at 10%.Taxonomic bar plots representing 

mean relative abundances were generated from mean-filtered reads using the dplyr217 and 

ggplot2 packages214.  

Sample Size Determination 

This study was powered to detect a weight-independent change (Δ) in postprandial blood 

glucose in the LCS (sucralose) group of at least 0.6 mmol/L higher (↑ 12%) than the Δ blood 

glucose in the SSB group in response to a 75 g OGTT, with a probability of a type I error (α) 

of 0.05. Due to the scarcity of human RCTs examining the effects of sucralose-sweetened 

beverages on postprandial glycemic responses at doses within the acceptable daily intake 

(ADI) at the time of study conceptualization, the sample size calculation was based using 

the means and the standard deviations of the incremental peak for blood glucose from 

Pepino et al. (2013)218, despite substantial differences in study design. Specifically, Pepino 

and colleagues assessed acute glycemic responses to a single sucralose exposure using a 

preload design, whereas our study evaluated the impact of daily consumption over a three-

week period. In their study, metabolically healthy participants living with obesity received a 

fixed dose of 48 mg of sucralose dissolved in 60 mL of water, resulting in a relative 

sweetness intensity much higher than that of commercially available beverages. 

Additionally, water was used as a comparator, whereas SSB were used in the present 

study. Despite these major differences, Pepino et al. (2013)218 provided the most relevant 

available estimates of variability in postprandial glucose responses to inform the power 

analysis at the time. It was estimated that a sample size of 14 participants per group would 

be sufficient to detect a significant difference between the LCS and the SSB group at P < 

0.050, 80% power in a two-group comparison using G*Power (v.3.1.9.7)219. 
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RESULTS 

Participant Characteristics 

Participant characteristics at baseline are presented in Table 1. Age, body weight, BMI, 

waist circumference, fat mass percentage, and fasting plasma glucose concentrations 

were similar across experimental groups (all P ≥ 0.231) and fell within clinically normal 

ranges. No statistically significant changes in body weight, BMI, waist circumference, or fat 

mass percentage were detected after the three-week intervention (all P ≥ 0.198). 

Corresponding post-intervention characteristics are presented in Table 2. Responses to 

the validated NIH DHQ II month modified questionnaire, completed during the preliminary 

session, indicated that nearly all participants either never consumed or consumed the 

following beverages less than once per week: 100% natural orange juice (92.9%), 100% 

other natural fruit juices (85.7%), fruit drinks (95.2%), soft drinks (81.0%), sports drinks 

(92.9%) and energy drinks (88.1%). When they did consume these beverages, 

approximately one third of participants reported ‘’ sometimes ‘’ opting for diet or low-

calorie versions. We considered this frequency of intake to reflect low consumption of 

LCS. Plasma concentrations of sex hormones and self-reported use of contraceptives in 

women are presented in Table 3. β-estradiol and progesterone concentrations were 

similar in women across groups and conditions (all P ≥ 0.234). However, plasma 

concentrations of β-estradiol and progesterone exceeded the normal ranges for the early 

follicular phase of the menstrual cycle (5th to 95th percentile: 80–266 pmol/L for β-

estradiol; 0.32–1.91 nmol/L for progesterone)220 in 8 and 14 participants, respectively, 

during at least one of two experimental sessions. Potential contributors to these elevations 

included continuous hormonal contraception and the occurrence of some sessions 

outside the intended early follicular phase. Despite careful planning, the inherent 

unpredictability of menstrual cycles resulted in 14 of 42 sessions falling outside this phase 

due to earlier or delayed menstruation. Specifically, seven sessions occurred during the 

late luteal phase, three between day 8 and 10 of the follicular phase, and four on or after 
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day 12. These deviations were primarily attributable to longer-than-estimated cycle 

lengths or missed menstruation. 

Sucralose Consumption for 21 Days Impairs Postprandial Glycemic Responses Under 

Real-World Conditions, While Sugar-Sweetened Beverages Do Not. 

Postprandial plasma glucose concentrations during OGTT, measured before and after 

three weeks of consuming sucralose-sweetened beverages (LCS) or SSB are presented in 

Figure 1. There were no statistical differences observed in fasting plasma glucose 

concentrations across groups, conditions and their interaction (all P ≥ 0.213). At baseline, 

a statistically significant group x time interaction (P = 0.017) was detected in plasma 

glucose concentrations during the OGTT. However, Bonferroni-corrected post hoc 

comparisons between groups at each corresponding time points (30, 60, 90, and 120 min) 

revealed no statistically significant differences (all PBonf ≥ 0.160). This suggests that the 

interaction effect was driven by the overall trajectory rather than by differences at 

corresponding time points, supporting the interpretation that glycemic responses to OGTT 

were comparable between the LCS and SSB groups at baseline. Although not statistically 

significant, a consistent trend toward slightly lower plasma glucose concentrations was 

observed in the LCS group across all time points. When comparing baseline and post-

intervention conditions between the LCS and SSB groups, significant interactions were 

observed for group x condition (P = 0.009) and group x time (P = 0.006). Post hoc analyses 

revealed that glycemic responses significantly increased from baseline to post-

intervention in the LCS group (PBonf = 0.040), whereas no statistically significant change was 

detected in the SSB group (PBonf = 1.000). Based on estimated marginal means, plasma 

glucose concentrations were 8.4% higher following the three-week consumption of LCS-

sweetened beverages (baseline: 5.00 mmol/L, 95% CI 4.36–5.64; post-intervention: 5.42 

mmol/L, 95% CI 4.78–6.06). Although a group x time interaction was found between the 

LCS and SSB groups, post hoc analyses did not reveal any statistically significant 

differences for the same time point between groups (all PBonf ≥ 0.401). There were no 

significant differences in insulin concentrations between baseline and post-intervention, 
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with no statistically significant main effects of group or condition (P ≥ 0.155), and no group 

x condition interaction (P = 0.629). Plasma insulin concentrations at time 0 and 120 min of 

the 75 g OGTT are presented in Table 4. 

No Alteration in Gut Microbiota Composition and Functional Activity Despite 

Sucralose-Induced Changes in Postprandial Glycemic Responses. 

α-diversity metrics including Shannon index, Pielou’s evenness index, Observed features 

and Faith’s phylogenetic diversity did not statistically differ across all comparisons, 

whether in the three-group model (LCS, SSB, FJ) or in any two-group models (LCS,SSB – 

FJ,SSB – FJ,LCS)(all P ≥ 0.075). No detectable variation was observed in fecal microbiota β-

diversity assessed by Bray-Curtis dissimilarity (PERMANOVA; all q = 0.999). α-diversity 

metrics and Bray-Curtis dissimilarity of the fecal microbiota, measured before and after 

three weeks of consuming LCS, SSB, or FJ, are presented in Figure 2 and Figure 3, 

respectively. No meaningful change in Mean relative abundance of the six most dominant 

phyla-level taxa Figure 4 (a) and the 20 most dominant genus-level taxa Figure 4 (b) of the 

fecal microbiota were observed (all P ≥ 0.161). As part of a targeted metabolomics 

approach to assess the gut microbial functional microbial activity, fecal concentrations of 

SCFAs (acetate, propionate, butyrate, and valerate) and BCFAs (isobutyrate, and 

isovalerate) were also measured at baseline and post-intervention and are presented in 

Table 5. No statistically significant differences in fecal concentrations of SCFAs were 

detected in the three-group model or in any two-group models (all P ≥ 0.127). For fecal 

concentrations of BCFAs, a significant main effect of condition was observed for 

isovalerate, indicating an increase following the three-week intervention in the three-group 

model (P = 0.025) and in the LCS-SSB two-group model only (P = 0.005). Similarly, a 

significant main effect of condition was observed for isobutyrate, with an increase in fecal 

concentration detected only in the LCS-SSB two-group model (P = 0.010). No main effect 

of group (all P ≥ 0.538), and no group x condition interaction was observed in any model (all 

P ≥ 0.115). 
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No Meaningful Differences in Intestinal Barrier Permeability and Systemic Biomarkers 

of Low-Grade Inflammation. 

Plasma concentrations of intestinal permeability biomarkers LBP and zonulin are 

presented in Table 6. A statistically significant main effect of group was observed (P = 

0.014) for LBP concentrations when comparing all three experimental groups (LCS, SSB, 

FJ). Post hoc analyses revealed that the FJ group exhibited lower LBP concentrations 

compared to the SSB group across conditions (PBonf = 0.017). In pairwise comparisons, 

similar results were observed when comparing the FJ to SSB groups and the FJ to LCS 

groups (PBonf = 0.014), while no statistical difference was detected when comparing the 

LCS to the SSB groups (all P ≥ 0.101). There were no main effect of condition (all P ≥ 0.123) 

and no group x condition interaction (all P ≥ 0.057) detected across all comparisons. 

Zonulin concentrations were not statistically different in any comparisons (all P ≥ 0.201). 

Plasma concentrations of IL-6, CRP, and TNF-α were measured as biomarkers of systemic 

low-grade inflammation and are presented in Table 6. No statistical differences were 

observed between groups, conditions, and their interaction, for IL-6 and TNF-α levels in 

any comparisons (all P ≥ 0.201). A statistically significant main effect of group was 

detected for CRP concentrations (P = 0.049) when comparing all three experimental 

groups; however, post hoc analyses did not reveal any difference between groups (all PBonf
 

≥ 0.092). Pairwise comparisons revealed no statistically significant differences in the main 

effects of group, condition, or their interaction between LCS and SSB (all P ≥ 0.515). 

However, a statistically significant main effect of group was observed when comparing the 

FJ to SSB groups (P = 0.046) and the FJ to LCS groups (P = 0.019). Post hoc analyses 

revealed that the FJ group exhibited lower CRP concentrations than the SSB group (PBonf = 

0.046) and the LCS group (PBonf = 0.019) across conditions.  

No Metabolic Advantage of Fruit Juice Over Sugar-Sweetened Beverages in Glucose 
Tolerance (Exploratory Analyses). 

To explore whether free sugars derived from natural sources elicit metabolic responses 

similar to those from refined sources, FJ was included as an exploratory comparator group. 
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Postprandial plasma glucose concentrations during OGTT, measured before and after 

three weeks of consuming FJ or SSB are presented in Figure 5. At baseline, plasma glucose 

concentrations were similar between the FJ and the SSB groups when analyzing glycemic 

responses during the OGTT (main effect of group: P = 0.297). Following the three-week 

intervention, no statistical differences were observed across groups, conditions, and their 

interaction when comparing FJ to SSB (all P ≥ 0.075). In additional exploratory analyses, FJ 

was compared to LCS. Glycemic responses to the OGTT were similar at baseline (main 

effect of group: P = 0.181), and no statistically significant differences were observed 

following the three-week intervention (all P ≥ 0.096).  

Sensitivity Analyses 

To further evaluate the robustness of our primary glycemic findings for sucralose, we 

conducted exploratory sensitivity analyses beyond the original two-group design (LCS, 

SSB). Given the addition of an exploratory comparator (FJ), we assessed whether glycemic 

responses differed among the three groups (LCS, SSB, FJ) across conditions. There was no 

main effect of group or condition (all P ≥ 0.233), but a group x condition interaction 

approached statistical significance (P = 0.052). Post hoc comparisons revealed no 

significant differences (all PBonf ≥ 0.201), consistent with expectations as the study was 

underpowered for three-group comparisons. We next compared LCS against a combined 

non-LCS group (SSB + FJ), reasoning that both comparators provide free sugars and could 

serve as a unified control. A statistically significant group x condition interaction was 

observed (P = 0.019). Post hoc analyses indicated that glycemic responses significantly 

increased from baseline to post-intervention in the LCS group (PBonf = 0.024), while no 

significant change was observed in the non-LCS group (PBonf = 0.379), consistent with the 

primary two-group findings (LCS, SSB). Insulin concentrations during the OGTT remained 

statistically similar across all comparisons, whether between two groups (FJ vs SSB, FJ vs 

LCS) or across all three experimental groups (LCS, SSB, FJ) (main effects of group, 

condition, and their interaction: all P ≥ 0.145).  
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DISCUSSION 

Postprandial Glycemic Responses and Gut Microbiota Profiles 

This study demonstrates that sucralose, when consumed in a real-world context over 

three weeks, impairs postprandial glycemic responses in healthy adults. In contrast, 

SSB and FJ did not elicit such effects. Importantly, these findings occurred despite any 

statistically significant changes in body weight, BMI, waist circumference, fat mass 

percentage, and fasting plasma glucose concentrations. From a clinical standpoint, the 

8.4% increase in postprandial glycemia observed following sucralose consumption in 

healthy individuals is highly relevant, given the well-established role of postprandial 

hyperglycemia in cardiovascular risk29–31 and microvascular damage32. This underscores 

the significance of our findings, particularly in the context of unchanged fasting plasma 

glucose and body composition. We hypothesized that changes in postprandial glycemic 

responses would be associated with alterations in gut microbiota profile, consistent with 

the mechanisms proposed by Suez et al. (2022)13, who reported a ‘’personalized 

microbiome-driven effect‘’ of sucralose on glucose tolerance. Contrary to this hypothesis, 

we found no detectable differences in gut microbiota composition, specifically α-

diversity and β-diversity metrics assessed by 16S rRNA sequencing, or functionality 

characterized by fecal concentrations of SCFAs and BCFAs, suggesting that the 

changes in glucose tolerance observed following three weeks of sucralose 

consumption are not related to major microbiota modulations, at least within this 

study’s experimental design and statistical power. Although our microbiota findings 

differ from with those of Suez et al. (2022)13, our results support their observations of 

altered glucose tolerance following sucralose consumption. Building on their pilot study in 

2014221, Suez and colleagues conducted a two-week intervention in healthy adults, who 

were provided with ready-to-dissolve sachets of either aspartame, saccharin, sucralose, 

or stevia (at doses within ADI of 8%(240mg), 20%(180mg), 34%(102mg), and 75%(180mg) 

respectively) containing glucose as a bulking agent, compared with controls receiving 

either nothing (no supplement control) or glucose (n = 20 per group). Only saccharin and 
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sucralose significantly increased postprandial glucose iAUC when compared to both 

control groups, with effects evident from the first week of exposure and persisting into the 

second week. Notably, this was the first study to assess postprandial glycemic responses 

with multiple OGTTs performed at home with continuous glucose monitors, enhancing 

ecological validity. Glucose tolerance, gut microbiome and metabolome features returned 

to baseline within two weeks after sucralose cessation. Our study did not include a follow-

up phase, making it uncertain whether this reversibility would be observed. A potential 

explanation for the discrepancy in microbiota-related outcomes between our study and 

that of Suez et al. (2022) may lie in the differences in sequencing methods. In our study, we 

characterized microbiota composition using 16S rRNA marker gene sequencing and 

assessed functionality through a targeted metabolomics approach quantifying SCFAs and 

BCFAs production. In contrast, Suez and colleagues employed a combination of 

metagenomic sequencing and metabolomic profiling in serial fecal samples, an approach 

widely recognized as the gold standard for comprehensive evaluation of human gut 

microbiomedd dynamics128,129. The 16S rRNA sequencing approach used in our study 

enables taxonomic profiling at the genus level, offering insights into the diversity, richness, 

and evenness of gut bacterial communities128,129. This method relies on PCR amplification 

of the 16S ribosomal RNA gene, which is universally present in bacteria and archaea127ee. In 

contrast, metagenomic sequencing captures all genomic DNA in a sample, including 

bacteria, archaea, fungi, and viruses, allowing strain-level resolution and functional gene 

analysis128. This broader scope makes metagenomics a more powerful tool for 

characterizing microbial communities and their functional potential. When paired with 

metabolomic profiling, it provides a more comprehensive view of host–microbiota 

interactions118. Therefore, the use of 16S rRNA sequencing in our study, while 

methodologically sound, might partly explain the differences in microbiota-related 

outcomes. Notwithstanding the limitations of using 16S rRNA sequencing in our study, 

 
dd The terms microbiome and microbiota are often used interchangeably in the literature, although they differ 
by definitions. The gut microbiome refers to the collection of genomes of all microorganisms and their 
metabolites125, whereas populations of bacterial and archeal communities measured using 16S rRNA gene 
sequencing are defined as the gut microbiota125. 
ee Archaea are single-celled microorganisms structurally similar to bacteria. 
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we implemented several methodological strengths aligned with best practices in 

microbiome research127. These include the collection of two serial fecal samples per 

timepoint to account for intra-individual variability in gut microbiota profiles (three to five 

samples are considered optimal when using 16S rRNA sequencing in a real-world research 

settings130), the consistent use of reagent kits and PCR primers across all samples (as 

primer-induced variability has been shown to exceed interindividual differences in 

microbiota profiles112,118) and statistical analyses incorporating complementary α-diversity 

metrics—richness, evenness, information, and phylogenetic diversity—which were shown 

to offer a comprehensive characterization of microbiota α-diversity184. Notably, despite its 

limited taxonomic resolution and reduced sensitivity for detecting low-abundance 

bacterial genera, 16S rRNA sequencing has been shown to reliably identify the top 31% 

most abundant genera, with performance comparable to metagenomic approaches128. 

Therefore, while some uncertainty remains, it is unlikely that the use of metagenomic 

sequencing in our study would have yielded substantially different results for these 

dominant taxa. 

Conversely, the microbiota-related outcomes shown in our study align with those of 

Ahmad et al. (2020)177. Using a randomized crossover design, Ahmad and colleagues 

reported no changes in gut microbiota α-diversity (Shannon index) and β-diversity (Bray-

Curtis Dissimilarity) assessed by 16S rRNA sequencing, nor in SCFAs concentrations, 

following the consumption of pure sucralose-sweetened beverages (136 mg/day) for two 

weeks in 17 healthy individuals, using aspartame as a comparator. However, unlike our 

results on glucose tolerance, they found no significant differences in total AUCs for 

postprandial glycemic responses. Moreover, no statistically significant alterations on 

insulinemic responses, active GLP-1 concentrations and insulin sensitivity (HOMA-IR) 

were observed. While their double-blinded crossover design offers methodological 

advantages over our parallel-group design, differences in analytical approaches may 

account for the divergent findings. Specifically, the total AUCs were not adjusted for 

fasting values. Adjusting for interindividual variability in fasting glucose levels has been 

shown to better capture postprandial dynamics in nutritional interventions176,222. 
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Accordingly, the model used in our study specifically measured the rise in glycemic 

responses above fasting glucose levels. Our statistical approach also employed linear 

mixed models using individual OGTT time points rather than collapsing them into a single 

AUC value. In the context of assessing postprandial glycemic responses, analyzing all time 

points with mixed models has been demonstrated to be more robust and statistically 

powerful because it preserves the full trajectory of glycemic responses222. Furthermore, 

the comparator used in their study was an aspartame-sweetened beverage, another low-

calorie sweetener, whereas our design employed SSB as the primary comparator. As 

previously discussed in the Introduction section, compelling evidence indicates that each 

LCS exerts distinct physiological effects and should therefore be evaluated using 

sweetener-specific hypotheses13,67–69. Systematic reviews and meta-analyses70,172–175 

support the use of SSB as a more reliable comparator for assessing metabolic outcomes, 

compared to water or other LCS. It is important to acknowledge that, like Ahmad et al. 

(2020), our study was not powered to detect changes in gut microbiota endpoints, but 

rather to detect differences in postprandial glycemic responses. Given the substantial 

interindividual variability in human gut microbiota profiles shaped by factors including host 

genotype, disease status, age, sex environmental influences, and dietary patterns95–98,102–

104, the sample size in both studies may have considerably limited statistical power for 

microbiota analyses thereby reducing the ability to detect meaningful changes in 

composition and function.  

Postprandial Insulin Concentrations, Insulin Sensitivity, and Gut Incretins Hormones 

Our data showed comparable insulin concentrations across all groups and 

conditions, suggesting that alternative mechanisms may underlie the observed 

sucralose-induced impairment in glucose tolerance. However, insulin concentrations 

were measured only at 0 and 120 min during the OGTT, precluding assessment of 

intermediate time points (30–90 min) that capture early-phase insulin dynamics, namely 

the cephalic and intestinal phases of secretion. As a result, potential differences in these 

mechanisms may have been missed. One well-established mechanism contributing to 
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impaired glucose tolerance is insulin resistance. This condition is defined as a decreased 

physiological response to insulin in insulin-sensitive tissues (particularly skeletal muscle, 

liver, and adipose tissue), resulting in impaired glucose uptake and metabolism223. 

Although hyperinsulinemia is a common compensatory response to insulin resistance, 

tissue-specific reductions in insulin sensitivity can also occur under normoinsulinemic 

conditions, both in fasting and postprandial states. This may be due to impaired insulin 

signaling pathways or downregulation of insulin receptors224, preceding the activation of 

compensatory mechanisms that elevate insulin secretion. To assess whether insulin 

resistance could explain the 8.4% increase in postprandial glycemic responses observed 

in the LCS group following our three-week intervention, we could have employed indices 

relying on insulin concentrations at 0 and 120 during OGGT such as HOMA-IR225 or the 

Matsuda Index226ff. However, due to several fasting insulin values falling below the 

detection threshold, these assessments were deemed inappropriate. Although insulin 

sensitivity could not be evaluated in our study, others have investigated the effects of 

repeated sucralose exposure on insulin sensitivity, yielding inconsistent results. For 

instance, a crossover design study in which sucralose was provided as 200 mg daily 

capsules over four weeks found significantly decreased whole-body insulin sensitivity 

(Matsuda index) without significant change observed in postprandial glycemic responses 

(n = 11, women)89. In contrast, a randomized-controlled trial in which sucralose was also 

provided in capsule form for one week, found no significant changes in HOMA-IR and 

Matsuda indexes, nor in postprandial glycemic responses (n = 30, men)167, despite 

providing higher daily doses (780 mg/day). However, it is important to highlight that 

administering sucralose in capsules results in bypassing cephalic phase responses 

associated with orosensory sweetness perception and therefore does not reflect typical 

patterns of LCS consumption through beverages and food products. Another study, which 

more closely reproduced real-world conditions by delivering sucralose in beverages (~110–

171 mg/day based on body weight) over two weeks, reported decreased insulinemic 

 
ff Homeostatic model assessment of insulin resistance (HOMA-IR) quantifies the dynamic between fasting 
blood sugar and insulin response225. Matsuda index is an approximation of whole-body insulin sensitivity 
derived from data obtained during an OGTT226. 
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responses measured via the frequently sampled intravenous glucose tolerance test 

(FSIVGTT)gg, while HOMA-IR remained unchanged (n = 61, women and men)163. 

Another proposed mechanism by which sucralose may alter glycemic responses involves 

its interaction with the intestinal sweet taste receptor, composed of two subunits TAS1R2 

and TAS1R377 (formally known as T1R2 and T1R376). Notably, the structure of the intestinal 

sweet taste receptor binding to sucralose was just recently revealed by Juen et al. (2025)77. 

The intestinal sweet taste receptor has been shown to detect a wide range of sweet-tasting 

compounds within the gut, triggering the release of incretin hormones, primarily glucagon-

like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP)78. GLP-1 

and GIP are well-established modulators of glucose homeostasis through several 

mechiansms83,84. These include the insulin-independent upregulation of intestinal glucose 

transporters, specifically sodium-glucose cotransporter 1 (SGLT-1) and GLUT2 (glucose 

transporter 2), in terms of both expression and function78,80,81. Although increased intestinal 

glucose uptake, driven by chronically elevated secretion of gut incretin hormones, may 

represent a promising mechanism to explain the altered glycemic responses associated 

with sucralose consumption, this pathway has been supported by a limited number of 

human studies involving acute exposure to sucralose53,87–89, which failed to be consistently 

replicated23,90–94. To our knowledge, no studies have yet demonstrated a sustained increase 

in GLP-1 or GIP secretion in response to frequent sucralose intake in humans under real-

world conditions13,171. 

Intestinal Barrier Permeability and Systemic Low-grade Inflammation 

Evidence strongly supports the role of immune responses and systemic low-grade 

inflammation (defined as a persistent state of inflammation occurring in the absence of an 

inflammatory disease135) as key contributors to insulin resistance and impaired glucose 

tolerance. Recent animal studies have shown that sucralose can induce dysbiosis by 

 
gg FSIVGTT provides precise and detailed information about insulin sensitivity and beta-cell function, making 
it one of the gold standard for measuring insulin sensitivity, while the gold standard for measuring both 
insulinemic and glycemic responses is euglycemic-hyperinsulinemic clamp (EHC). 
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selectively promoting or inhibiting the growth of specific bacterial taxa15–19. Emerging 

evidence suggests that dysbiosis— a disturbance of the intestinal homeostasis caused by 

an imbalance in the structural and/or functional microbial configuration of the gut 

microbiota20—can compromise the integrity of the intestinal barrier15,21,22 and alter its 

selective permeability. Increased intestinal permeability exposes the circulatory system to 

gut-derived bacterial products such as endotoxins139–143, also referred to as 

lipopolysaccharides (LPS), which are potent triggers for the release of pro-inflammatory 

adipokines and cytokines (including TNF-α147–150, IL-1β, and IL-6 148,150) by both immune and 

nonimmune cells. Through a bidirectional endocrine-immune crosstalk, pro-inflammatory 

cytokines can interfere with insulin signaling pathways and downregulate insulin receptor 

expression, thus resulting in decreased sensitivity in insulin sensitive 151–153. Even so, our 

microbiota outcomes did not indicate dysbiosis, and our results do not support the 

hypothesis that sucralose consumption increases intestinal permeability or induces 

systemic low-grade inflammation; at least not at realistic doses consumed over a 

three-week period, and when assessed using the plasmatic biomarkers selected for 

this current study. 

Exploratory Findings on 100% Natural Fruit Juice 

Although fruit juices are often perceived as healthier alternatives to SSB due to their 

content in vitamins and antioxidants, they share a similar profile of free sugars and 

typically lack the dietary fiber found in whole fruits4,5. Dietary fiber plays a critical role in 

maintaining intestinal health by serving as a fermentable substrate for the gut microbiota 

and contribute to glycemic control by slowing intestinal glucose absorption98. 

Consequently, the consumption of free sugars without the presence of dietary fiber, such 

as in FJ, may theoretically lead to adverse metabolic outcomes comparable to those 

associated with SSB3,4. In partial alignment with this hypothesis, we demonstrated that FJ 

and SSB elicited similar effects on glucose tolerance. However, these effects were not 

adverse, as no changes in postprandial glycemic responses were observed following the 

three-week consumption of either beverage at doses representative of the average free 
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sugar intake in Canada. It remains plausible that longer-term exposure or the assessment 

of additional metabolic outcomes beyond glucose tolerance could reveal adverse effects 

for which FJ and SSB may be similarly implicated. Interestingly, despite the theoretical 

expectation that FJ and SSB would elicit comparable metabolic effects, our findings 

revealed that 100% natural orange juice did not differ from sucralose-sweetened 

beverages in terms of glycemic response, whereas SSB did. We explored the potential 

impact of FJ on systemic low-grade inflammation, as its vitamins and antioxidants may 

modulate inflammatory responses and, consequently, influence insulin signalling 

pathways. Prior evidence from recent systematic reviews and meta-analyses have 

reported improvements in pro-inflammatory biomarkers such as CRP and IL-6 following 

the consumption of 100% natural orange juice227,228. Although our analyses revealed that 

the FJ group exhibited lower LBP and CRP concentrations, the lack of a condition effect 

suggests that these differences are attributable to group-level characteristics rather than 

the intervention. Therefore, these findings do not support a differential effect of FJ on 

inflammation within the context of our study. Nevertheless, our exploratory findings on FJ 

warrant careful interpretation. The empirical evidence from RCTs directly comparing FJ 

consumption with SSB on metabolic outcomes, aside from systemic low-grade 

inflammation, is extremely limited. To address this important knowledge gap, the FJ group 

was added in this study as an exploratory comparator representing a natural source of free 

sugars. Given that our study was powered specifically to detect differences between two 

parallel groups—those consuming LCS-sweetened beverages with sucralose and those 

consuming SSB—on postprandial glycemic responses over a three-week intervention, no 

predefined hypotheses were formulated for the FJ group. Consequently, this may have 

limited the study’s ability to detect more subtle effects associated with FJ consumption. 

Moreover, the FJ group consumed 100% natural orange juice. Therefore, these findings 

should not be generalized to all fruit juices, as their composition varies widely in free sugar 

concentrations, vitamins, antioxidants, and other bioactive compounds. As with 

sweetener-specific hypotheses in LCS research, future studies on FJ should incorporate 

hypotheses tailored to the specific type of fruit juice. Taken together, although 
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exploratory, our findings suggest that FJ may not confer metabolic advantages over 

SSB, highlighting the need for further research specifically designed to evaluate FJ-

related endpoints and inform dietary recommendations. 

Strengths of Experimental Design 

The robustness of our findings is strengthened by rigorous control of potential confounding 

factors before and during the study. Measures were implemented to prevent antibiotic 

exposure, cannabis use, intake of medications affecting glycemic control or systemic 

inflammation, and consumption of dietary supplements and probiotics. In addition, 

endurance exercise, alcohol intake, and oral and topical NSAID use were carefully 

regulated. Moreover, participants were low consumers of LCS, SSB and FJ based on their 

responses to a validated diet history questionnaire. Pepino et al. (2013)218, Lertrit et al. 

(2018)89 and Ahmad et al. (2020)24 defined low intake of LCS as less than one can of LCS-

sweetened beverages or one spoonful of LCS per week, while Romo-Romo et al. (2018)195 

defined it as less than five servings per week. Both definitions are less conservative than 

our approach. Additionally, to minimize hormonal variability in women, the intervention 

was scheduled so that experimental sessions occurred during the early follicular phase of 

the menstrual cycle. It should be emphasized that fluctuations in female sex hormone 

levels during the menstrual cycle, particularly in β-estradiol, are known to impact glycemic 

responses168. This underscores the importance of measuring blood parameters during the 

same menstrual phase, ideally during the follicular phase where hormone levels are stable 

and at their lowest168. Another notable strength of our experimental design is in the 

meticulous formulation of the study beverages, which were matched for sweetness and 

designed to reflect the free sugar or sucralose content of commercially available products, 

thereby enhancing ecological validity. Complementing this, dosages for the SSB and FJ 

groups were individualized according to each participant’s total energy expenditure, set at 

15% of Ereq, in alignment with estimated free sugar intake among Canadian adults (see 

Methods section for details). This individualized approach, rather than a fixed dose, was 

implemented to more accurately reflect real-world substitution of SSB with sucralose-
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sweetened alternatives. Specifically, participants in the LCS group ingested ~150 mg (±30 

mg) of sucralose per day (2.00 ± 0.23 mg/Kg BW), with individual daily intake ranging from 

110mg to 200mg. This amount is below the ADI for sucralose established by the United 

States Food and Drug Administration of 5 mg/Kg BW/day36. Moreover, our dosage was 

comparable to those used in previous studies,102 mg/day by Suez et al. (2022)13, 136 

mg/day by Ahmad et al. (2020)171 and 160mg/day by Higgins et al. (2019)69, which reported 

opposing effects of treatment on glycemic responses. Overall, this level of attention to 

beverages formulation substantially strengthened the ecological validity of our research 

setting. Lastly, other aspects of our protocol further reinforce the overall methodological 

rigor of our study. These include: 1) an equal distribution of women and men in each 

experimental group; 2) quantification of female sex hormones; and 3) in-person nutritional 

education provided by a registered dietitian on how to identify sources of LCS, free sugars 

and probiotics in common food products.  

Limitations of Experimental Design 

While primary limitations related to gut microbiota outcomes have already been 

discussed, the following additional considerations warrant acknowledgment. Notably, the 

use of commercially available sucralose (Splenda®) instead of pure sucralose might have 

introduced confounding effects due to the presence of maltodextrin as a bulking agent. 

Dalenberg et al. (2020)75 demonstrated that the combination of sucralose with a 

carbohydrate source reduces insulin sensitivity, while neither pure sucralose nor 

maltodextrin alone exerted this effect. This finding is often cited to challenge studies using 

Splenda® in study beverages, as most (but not allhh) commercially available sucralose-

sweetened beverages contain the pure form. Nonetheless, sweetened beverages are 

frequently consumed alongside meals, which likely contain carbohydrates. Thus, 

investigating the isolated effects of pure sucralose may have limited ecological validity for 

informing dietary recommendations given that pure sucralose is rarely consumed in 

 
hh Splenda® is currently used in the formulation of commercially available beverages like ‘’ Diet Coke® 
Sweetened with Splenda® ‘’253. 
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isolation. Regarding gut microbiota effects, Splenda® contains digestible matodextrin229, 

generally considered to have a neutral impact on microbial composition as opposed to 

resistant maltodextrin which is fermented by the gut microbiota230. However, some studies 

suggest digestible maltodextrin may still modulate microbial composition. For example, 

daily supplementation with 10 g of digestible maltodextrin for 12 weeks in healthy adults 

increased Bifidobacterium species while inhibiting the growth of Lactobacillus species, 

both recognized for their immunomodulatory roles231. Another study found that while 15 

g/day of resistant maltodextrin for three weeks tended to increase Bifidobacterium 

populations without affecting SCFAs levels, digestible maltodextrin significantly elevated 

fecal propionate and acetate concentrations232. In our study, participants consumed 8.9 -

16.1 g/day of digestible maltodextrin from Splenda®, an intake range that could be 

sufficient to influence gut microbiota. However, because dietary fiber intake was not 

controlled in our study design, variability in fiber consumption likely had a greater 

influence on gut microbiota composition and functionality than the modest dose of 

maltodextrin. Another limitation of our study is the reliance on plasmatic biomarkers to 

assess intestinal permeability, which warrants caution due to their indirect nature. We 

opted to assess intestinal permeability using two plasma biomarkers, lipopolysaccharide-

binding protein (LBP) and zonulin. While LPS is a direct indicator of microbial translocation 

and systemic endotoxin exposure, its measurement is technically challenging due to low 

circulating concentrations and high susceptibility to contamination and degradation. In 

contrast, LBP is an acute-phase protein synthesized by the liver in response to LPS 

exposure. Although LBP reflects host response rather than LPS presence itself, its reliable 

quantification via standard immunoassays makes it more practical for clinical studies 

investigating intestinal barrier permeability and endotoxemia137,233. We acknowledge, 

however, that the gold-standard non-invasive method for assessing intestinal permeability 

involves five sugar probes and 24-h urine collection, as described by Wijck et al. (2013)234. 

Notwithstanding, this method poses logistical challenges that may hinder participant 

compliance, such as extended stays at the research facility or difficulties with sample 

transport accessibility. Given the demands of our protocol—including daily beverage 
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consumption, serial stool sampling, and two three-hour experimental sessions—we 

prioritized minimizing participant burden to reduce attrition risk. Zonulin, a human analog 

of the bacterial enterotoxin zonula occludens137, is widely used to assess intestinal barrier 

integrity due to its association with tight junction proteins regulation235. However, concerns 

have been raised regarding the reliability of commercially available ELISA kits for zonulin 

quantification236,237. Therefore, caution is warranted when interpreting findings based solely 

on zonulin measurements137. In addition to the limitations discussed above, two other 

minor aspects of our study design warrant brief mention. First, variation in vitamin C intake 

across experimental groups may have introduced a modest confounding factor. Both the 

LCS-sweetened beverages and SSB were flavored with Kool-Aid™ orange unsweetened 

drink mix, enriched with vitamin C (24 mg/L). Based on individualized beverage volumes, 

participants in these groups consumed ~24mg/day of vitamin C (range: 17-40 mg). In 

contrast, those in the FJ group, who received 100% natural orange juice, consumed a 

substantially higher dose of ~225 mg/day (range : 157-374 mg), exceeding the Canadian 

recommended dietary allowance of 75 mg for women and 90 mg for men aged 19-50 

years238. However, all intakes remained well below the established upper limit of 2000mg 

per day238. Second, while the use of nonsteroidal anti-inflammatory drugs (NSAIDs) was 

restricted during the 24 hours preceding each experimental session, complete avoidance 

throughout the study period may have more effectively minimized potential confounding 

effects on systemic inflammatory biomarkers. 

Improving Future Research: Methodological Considerations 

To enhance the design and interpretability of future studies, we offer methodological 

strategies informed by our findings and current literature: 

1) Once the unique physiological effects of each LCS are well documented and 

understood, future studies should investigate their combinations, as the 

effects of one sweetener may be amplified or attenuated when paired with 

another. This is particularly relevant given that most commercially available 
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beverages contain blends of LCS, formulated to improve taste and reduce 

undesirable aftertastes. Investigating the combined effects of LCS would therefore 

enhance the ecological validity of future studies and better reflect real-world 

consumption patterns. However, replicating these blends in research settings 

presents notable challenges. First, manufacturers are not required to disclose the 

specific quantities or ratios of LCS used in their products46, making it difficult to 

design interventions that accurately mirror commercial formulations. Second, the 

current body of evidence remains too limited to support nuanced interpretation of 

combined LCS effects. The common practice of drawing inference on LCS as a 

single ‘’class of compounds‘’, despite their distinct chemical properties, had 

obscured our understanding of individual physiological responses and hindered the 

development of evidence-based guidelines for their use. Establishing robust, 

compound-specific data is therefore a necessary step before investigating LCS in 

combination. 

2) To accurately assess microbiota-related outcomes, future studies should 

employ power calculations specifically designed for these endpoints. This 

recommendation is particularly relevant given that powering based on metabolic 

outcomes has been identified as a key reason for the inconsistent and inconclusive 

findings often observed in microbiome research127. 

3) Given the strong influence of diet in shaping the gut microbiota, future studies 

should consider implementing standardized dietary protocols during both the 

intervention and preliminary phases to more accurately isolate the effects of 

sucralose (and other LCS) on microbial composition and functionality. The gut 

microbiota is a complex and dynamic ecosystem that varies markedly among 

individuals, influenced by factors such as host genotype, disease status, age and 

sex95–98. Although the core microbial assemblage is believed to remain relatively 

stable throughout adulthood99, the microbiota continues to adapt in response to 

environmental factors96–98. Among these, dietary patterns (particularly dietary fiber 
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intake) have emerged as the most influential determinant, shaping its composition, 

species richness, and functional capacity98,102–104. This inherent variability in 

environment complicates the detection of significant microbiota changes in human 

nutrition RCTs, as baseline microbial profiles differ markedly between individuals. 

We believe the standardized-diet approach could substantially reduce dietary 

confounding and improve interpretability of microbiota findings. Nevertheless, it is 

also important to acknowledge the possibility that a homeostatic gut microbiota 

(i.e. eubiosis) may exhibit resilience to sucralose exposure. This concept is 

supported by ‘’the insurance hypothesis‘’, which proposes that a rich diversity of 

microbial communities would confer a protective effect by maintaining ecological 

equilibrium, thereby preserving the stability and functional dynamics of an 

environment (here, the gut microbiota)124. Consequently, the magnitude of 

perturbations induced by sucralose may be insufficient to elicit meaningful shifts in 

microbial communities, particularly in individuals with a well-balanced and diverse 

microbiota. Taken together, these considerations highlight that while elucidating 

the effects of LCS on the gut microbiome, it is equally important to recognize that 

the microbiome itself may modulate individual metabolic responses to dietary 

interventions. 

 

CONCLUSION 

This study demonstrates that the realistic consumption of sucralose-sweetened beverages 

for 21 days impairs postprandial glycemic responses in healthy individuals, without 

inducing significant changes in insulin concentrations, body composition, gut microbiota 

composition, fecal concentrations of SCFAs and BCFAs, and plasmatic biomarkers of 

intestinal permeability and systemic low-grade inflammation. Although the precise 

mechanisms remain unclear, the lack of an identified pathway does not negate the clinical 

relevance of these findings. Future research that is specifically designed and adequately 
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powered to assess mechanistic endpoints, rather than treating them as secondary to 

glycemic outcomes, is critical. Importantly, our findings challenge the prevailing 

assumption that all low-calorie sweeteners are metabolically and physiologically inert, 

underscoring the need for compound-specific evaluation. 
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Table 1. Participant Characteristics at Baseline. 
 
 All groups (n = 42) LCS (n = 14) SSB (n = 14) FJ (n = 14) P-value 

Age (years) 
Women 
Men 

24 (20 - 27) 
21 (20 - 27) 
25 (22 - 28) 

25 (20 - 28) 
25 (20 - 27) 
24 (23 - 29) 

24 (20 - 27) 
20 (20 - 24) 
25 (24 - 27) 

24 (21 - 27) 
23 (21 - 26) 
24 (22 - 27) 

0.859 

Sex (n) 
Women 
Men 

 
21 (50%) 
21 (50%) 

 
7 (50%) 
7 (50%) 

 
7 (50%) 
7 (50%) 

 
7 (50%) 
7 (50%) 

n/a 

Body weight (kg) 
Women 
Men 

69.5 (59.4 - 78.6) 
61.7 (57.4 - 69.4) 
76.6 (69.6 - 89.3) 

69.7 (63.4 - 87.0) 
62.6 (60.7 - 69.6) 
85.4 (70.4 - 89.8) 

70.8 (57.6 - 77.7) 
64.0 (55.8 - 72.4) 
76.6 (65.2 - 84.2) 

63.9 (58.8 - 71.9) 
58.6 (57.2 - 62.6) 
72.7 (66.0 - 87.4) 

0.432 

Body mass index (kg/m2) 
Women 
Men 

24.1 ± 3.44 
23.4 ± 3.26 
24.9 ± 3.55 

25.5 ± 3.41 
24.7 ± 3.86 
26.2 ± 2.98 

23.5 ± 3.49 
23.0 ± 3.89 
24.1 ± 3.25 

23.4 ± 3.28 
22.6 ± 1.60 
24.2 ± 4.38 

0.231 

Waist circumference (cm) 
Women 
Men 

74.8 (69.9 - 81.1) 
70.3 (67.8 - 74.0) 
79.0 (75.5 - 88.0) 

77.0 (73.6 - 86.0) 
73.0 (70.0 - 75.9) 
83.0 (78.5 - 89.0) 

76.4 (70.1 - 81.1) 
70.3 (66.8 - 76.5) 
79.5 (76.4 - 84.8) 

72.3 (69.1 - 74.0) 
69.0 (67.9 - 71.8) 
74.0 (72.3 - 85.8) 

0.377 

Fat mass (%) 
Women 
Men 

27.4 ± 7.84 
32.2 ± 6.46 
22.6 ± 5.96 

28.2 ± 7.69 
32.1 ± 9.07 
24.3 ± 3.22 

27.1 ± 8.79 
33.5 ± 5.77 
20.7 ± 6.25 

26.9 ± 7.50 
31.1 ± 4.50 
22.8 ± 7.83 

0.901 

Fasting plasma glucose (mmol/L) 
Women 
Men 

4.68 ± 0.601 
4.59 ± 0.456 
4.77 ± 0.718 

4.63 ± 0.467 
4.54 ± 0.237 
4.73 ± 0.628 

4.55 ± 0.754 
4.44 ± 0.548 
4.65 ± 0.951 

4.86 ± 0.545 
4.79 ± 0.510 
4.93 ± 0.609 

0.382 

Ethnicity (n) 
Caucasian 
Asian 
African 
Indian 
Middle Eastern 

 
32 (76%) 
5 (12%) 
3 (7%) 
1 (2%) 
1 (2%) 

 
12 (86%) 
2 (14%) 
0 (0%) 
0 (0%) 
0 (0%) 

 
10 (71%) 

1 (7%) 
1 (7%) 
1 (7%) 
1 (7%) 

 
10 (71%) 
2 (14%) 
2 (14%) 
0 (0%) 
0 (0%) 

n/a 

Note: Values are presented as means ± SDs, medians (interquartile range) or number of participants (%). Age, sex, and ethnicity were self-reported. Body 
mass index was calculated as weight in kilograms divided by height in square meters. Waist circumference was measured following the World Health 
Organization’s protocol. Fat mass was assessed via dual-energy X-ray absorptiometry. Fasting plasma glucose concentrations were determined after a 
12-h overnight fast using colorimetric assays. P-values were derived from a one-way analysis of variance with the experimental group (LCS, SSB, FJ) as 
the grouping variable; data from models that did not meet normality assumptions (per the Shapiro-Wilk test) were log-transformed. Abbreviations: low-
calorie sweetener (LCS), sugar-sweetened beverage (SSB), fruit juice (FJ).   
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Table 2. Body weight, BMI, Waist circumference and Fat mass at Post-Intervention. 
 

 All groups (n = 42) LCS (n = 14) SSB (n = 14) FJ (n = 14) 
Group 

P-value 
Condition 

P-value 
Interaction 

P-value 
Body weight (kg) 
Women 
Men 

68.4 (59.5 - 78.3) 
61.7 (57.4 - 69.4) 
76.6 (69.6 - 89.3) 

68.7 (63.7 - 87.0) 
62.7 (60.2 - 68.7) 
85.0 (69.7 - 88.5) 

69.8 (58.3 - 77.7) 
65.1 (55.7 - 72.0) 
77.1 (64.6 - 84.8) 

64.2 (58.0 - 72.2) 
57.9 (57.8 - 62.4) 
72.7 (66.2 - 87.8) 

0.371 0.644 0.358 

Body mass index (kg/m2) 
Women 
Men 

24.2 ± 3.52 
24.6 ± 3.26 
26.3 ± 3.55 

25.4 ± 3.41 
24.7 ± 3.77 
26.2 ± 3.07 

23.7 ± 3.60 
23.1 ± 3.81 
24.4 ± 3.53 

23.5 ± 3.49 
22.6 ± 1.70 
24.4 ± 4.63 

0.219 0.388 0.310 

Waist circumference (cm) 
Women 
Men 

74.5 (69.9 - 81.9) 
70.3 (67.8 - 74.0) 
79.0 (75.5 - 88.0) 

78.0 (72.9 - 85.1) 
72.6 (69.6 - 75.3) 
82.0 (80.0 - 88.3) 

75.1 (70.0 - 81.5) 
73.0 (67.0 - 76.3) 
81.0 (75.1 - 84.3) 

72.8 (69.0 - 74.4) 
69.0 (68.8 - 71.3) 
75.5 (73.3 - 85.5) 

0.254 0.331 0.951 

Fat mass (%) 
Women 
Men 

27.4 ± 7.78 
32.2 ± 6.46 
22.6 ± 5.96 

27.7 ± 7.47 
32.0 ± 9.07 
23.5 ± 3.22 

27.1 ± 9.14 
33.7 ± 5.77 
20.6 ± 6.25 

27.4 ± 7.17 
31.0 ± 4.50 
23.8 ± 7.83 

0.926 0.855 0.198 

Note: Values are presented as means ± SDs, medians (interquartile range) or number of participants (%). Body mass index was calculated as weight in 
kilograms divided by height in square meters. Waist circumference was measured following the World Health Organization’s protocol. Fat mass was 
assessed via dual-energy X-ray absorptiometry. P-values were derived from linear mixed-effects models with the experimental group (LCS, SSB, FJ) and 
condition (baseline, post-intervention) as fixed effects, participant ID as a random effect and sex as a continuous covariate; data from models that did 
not meet normality assumptions (per the Shapiro-Wilk test) were log-transformed. Abbreviations: low-calorie sweetener (LCS), sugar-sweetened 
beverage (SSB), fruit juice (FJ). 
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Table 3. Plasma Concentrations of Sex Hormones and Self-Reported Use of Contraceptives in Women.  
 

 All groups (n = 21) LCS (n = 7) SSB (n = 7) FJ (n = 7) 
Group 

P-value 
Condition 

P-value 
Interaction 

P-value 
β-estradiol (pmol/L) 
Baseline 
Post-intervention 

 
126 (82 - 261) 
150 (82 - 341) 

 
261 (201 - 354) 
295 (183 - 360) 

 
117 (72 - 193) 
196 (70 - 276) 

 
97 (60 - 152) 

135 (114 - 148) 
0.234 0.390 0.480 

Progesterone (nmol/L) 
Baseline 
Post-intervention 

 
1.06 (0.75 - 14.21) 
2.83 (0.78 - 6.26) 

 
1.35 (1.02 - 15.11) 
2.62 (0.94 - 2.85) 

 
0.80 (0.62 - 12.05) 
4.87 (0.67 - 19.94) 

 
1.14 (0.83 - 7.70) 
3.21 (1.58 - 6.26) 

0.999 0.559 0.556 

Contraceptive method 
Copper IUD 
Hormonal IUD 
Birth control pill 
None 

 
5 (24%) 
1 (5%) 

5 (24%) 
10 (48%) 

 
3 (43%) 
0 (0%) 

2 (29%) 
2 (29%) 

 
0 (0%) 
0 (0%) 

3 (43%) 
4 (57%) 

 
2 (29%) 
1 (14%) 
0 (0%) 

4 (57%) 

n/a n/a n/a 

Note: Values are presented as medians (interquartile range) or number of participants (%). Plasma β-estradiol and progesterone concentrations were 
determined using enzyme-linked immunosorbent assays. P-values were derived from linear mixed-effects models with the experimental group (LCS, SSB, 
FJ) and condition (baseline, post-intervention) as fixed effects and participant ID as a random effect; data from models that did not meet normality 
assumptions (per the Shapiro-Wilk test) were log-transformed. Abbreviations: low-calorie sweetener (LCS), sugar-sweetened beverage (SSB), fruit juice 
(FJ), intrauterine device (IUD). 
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Table 4. Plasma Insulin Concentrations during a 75 g OGTT. 
 

 LCS + SSB (n = 28) LCS (n = 14) SSB (n = 14) 

Baseline 
0 min 
120 min 

 
2.05 (1.00 - 5.29) 
33.7 (22.2 - 56.4) 

 
1.59 (1.00 - 4.41) 
27.9 (17.6 - 37.9) 

 
2.94 (1.00 - 6.82) 
50.9 (24.1 - 81.2) 

Post-intervention 
0 min 
120 min 

 
3.02 (1.00 - 6.02) 
31.6 (12.4 - 61.4) 

 
1.39 (1.00 - 3.78) 
31.6 (6.61 - 54.0) 

 
3.36 (1.10 - 7.31) 
34.5 (14.6 - 65.6) 

Time 
P-value 

Group 
P-value 

Condition 
P-value 

Group x Time 
P-value 

Group x Condition 
P-value 

Condition x Time 
P-value 

Group x Condition x Time 
P-value 

≤ 0.001 0.225 0.580 0.900 0.806 0.069 0.845 
Note: Values are presented as medians (interquartile range). Plasma insulin concentrations were determined using enzyme-linked immunosorbent 
assays. Undetectable values were substituted with the lowest concentration that can be detected (1 μU/mL). In total, 21 out of 112 samples fell below 
the detection range (LCS = 11; SSB = 10). P-values were derived from linear mixed-effects models with the experimental group (LCS, SSB), condition 
(baseline, post-intervention), and time (0 min, 120 min) as fixed effects and participant ID as a random effect; data from models that did not meet 
normality assumptions (per the Shapiro-Wilk test) were log-transformed. Abbreviations: low-calorie sweetener (LCS), sugar-sweetened beverage (SSB). 
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Table 5. Fecal Concentrations of Short-Chain Fatty Acids and Branched-Chain Fatty Acids (SCFAs and BCFAs). 
  
SCFAs & BCFAs 
concentrations 
(mmol/L feces) 

All groups (n = 42) LCS (n = 14) SSB (n = 14) FJ (n = 14) 
Group 

P-value 
Condition 

P-value 
Interaction 

P-value 

Acetate 
Baseline 
Post-intervention 

 
77.0 (50.5 - 123.0) 
81.7 (54.4 - 108.0) 

 
83.5 (51.0 - 125) 
93.5 (72.6 - 133) 

 
67.1 (58.3 - 140) 
74.7 (56.0 - 96.0) 

 
72.2 (36.1 - 112) 
64.2 (39.6 - 99.1) 

0.339 0.833 0.522 

Propionate 
Baseline 
Post-intervention 

 
22.2 (14.5 - 36.7) 
22.0 (14.6 - 31.2) 

 
22.2 (18.1 - 34.7) 
28.1 (17.2 - 35.8) 

 
21.6 (15.0 - 35.0) 
20.7 (14.9 - 31.1) 

 
24.9 (11.9 - 37.8) 
18.6 (12.6 - 26.2) 

0.522 0.744 0.695 

Butyrate 
Baseline 
Post-intervention 

 
28.4 (15.8 - 38.4) 
24.1 (15.3 - 33.3) 

 
29.7 (17.5 - 38.6) 
28.9 (18.5 - 43.1) 

 
28.6 (16.4 - 39.4) 
27.2 (15.4 - 40.1) 

 
25.6 (14.1 - 35.7) 
18.2 (12.9 - 30.2) 

0.377 0.440 0.746 

Valerate 
Baseline 
Post-intervention 

 
4.05 (2.77 - 5.30) 
3.84 (2.76 - 5.71) 

 
3.87 (3.13 - 5.30) 
4.08 (3.05 - 4.83) 

 
2.86 (2.20 - 4.11) 
3.44 (2.50 - 5.51) 

 
4.73 (3.43 - 5.84) 
3.75 (3.13 - 6.28) 

0.499 0.511 0.579 

Isobutyrate 
Baseline 
Post-intervention 

 
3.04 (2.37 - 4.24) 
3.54 (2.91 - 4.67) 

 
2.81 (2.39 - 3.71) 
3.83 (2.97 - 4.62) 

 
2.53 (2.32 - 3.25) 
3.34 (2.62 - 4.09) 

 
4.35 (2.99 - 5.42) 
3.37 (3.14 - 4.67) 

0.839 0.080 0.170 

Isovalerate 
Baseline 
Post-intervention 

 
4.07 (2.85 - 5.24) 
4.70 (3.59 - 5.91) 

 
3.75 (2.88 - 4.79) 
5.58 (3.92 - 5.96) 

 
2.85 (2.63 - 4.13) 
3.72 (2.77 - 5.55) 

 
5.04 (3.77 - 5.98) 
4.73 (4.12 - 5.85) 

0.921 0.025 0.254 

Note: Values are presented as medians (interquartile range). Fecal concentrations of SCFAs (acetate, propionate, butyrate, valerate) and BCFAs 
(isobutyrate, isovalerate) were determined using gas chromatography. P-values were derived from linear mixed-effects models with the experimental 
group (LCS, SSB, FJ) and condition (baseline, post-intervention) as fixed effects and participant ID as a random effect; data from models that did not meet 
normality assumptions (per the Shapiro-Wilk test) were log-transformed. Abbreviations: low-calorie sweetener (LCS), sugar-sweetened beverage (SSB), 
fruit juice (FJ), short-chain fatty acids (SCFAs), branched short-chain fatty acids (BCFAs). 
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Table 6. Plasma Concentrations of Intestinal Permeability and Systemic Low-Grade Inflammation Biomarkers. 
 

 All groups (n = 42) LCS (n = 14) SSB (n = 14) FJ (n = 14) 
Group 

P-value 
Condition 

P-value 
Interaction 

P-value 
LBP (ng/mL) 
Baseline 
Post-intervention 

 
3937 ± 922 
3877 ± 922 

 
3964 ± 605 
4112 ± 698 

 
4295 ± 1105 
4277 ± 1065 

 
3551 ± 890 
3242 ± 626 

0.014 0.463 0.083 

Zonulin (ng/mL) 
Baseline 
Post-intervention 

 
3.70 (3.20 - 5.59) 
4.11 (3.11 - 5.63) 

 
4.00 (2.68 - 5.40) 
4.08 (2.57 - 5.55) 

 
4.40 (3.46 - 5.74) 
4.06 (3.31 - 5.10) 

 
3.59 (3.20 - 5.29) 
4.16 (3.31 - 5.69) 

0.708 0.293 0.256 

IL-6 (pg/mL) 
Baseline 
Post-intervention 

 
0.581 (0.470 - 0.877) 
0.588 (0.455 - 0.967) 

 
0.579 (0.449 - 0.842) 
0.633 (0.455 - 0.954) 

 
0.577 (0.483 - 0.819) 
0.679 (0.431 - 0.926) 

 
0.590 (0.510 - 1.17) 

0.540 (0.478 - 0.919) 
0.766 0.836 0.280 

CRP (ng/mL) 
Baseline 
Post-intervention 

 
489 (267 - 1279) 
412 (207 - 1177) 

 
617 (488 - 1157) 
727 (286 - 2643) 

 
459 (272 - 2098) 
685 (313 - 3985) 

 
337 (168 - 540) 
221 (169 - 371) 

0.049 0.882 0.379 

TNF-α (pg/mL) 
Baseline 
Post-intervention 

 
0.582 (0.511 - 0.719) 
0.624 (0.519 - 0.696) 

 
0.609 (0.515 - 0.719) 
0.657 (0.568 - 0.692) 

 
0.573 (0.517 - 0.650) 
0.574 (0.524 - 0.636) 

 
0.582 (0.511 - 0.742) 
0.612 (0.478 - 0.710) 

0.951 0.512 0.569 

Note: Values are presented as means ± SDs or medians (interquartile range). Plasma concentrations of intestinal permeability and systemic low-grade 
inflammation biomarkers were determined using enzyme-linked immunosorbent assays. P-values were derived from linear mixed-effects models with 
the experimental group (LCS, SSB, FJ) and condition (baseline, post-intervention) as fixed effects and participant ID as a random effect; data from models 
that did not meet normality assumptions (per the Shapiro-Wilk test) were log-transformed. Abbreviations: low-calorie sweetener (LCS), sugar-sweetened 
beverage (SSB), fruit juice (FJ), interleukin-6 (IL-6), C-reactive protein (CRP), tumour necrosis factor-alpha (TNF-α), lipopolysaccharide-binding protein 
(LBP). 
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Figure 1. Plasma glucose concentrations during OGTT, measured before and after 
three weeks of consuming sucralose-sweetened beverages (LCS) or sugar-sweetened 
beverages (SSB), in healthy adults. 
Data are presented as mean (SD) and individual points. Log-transformed data were analyzed using linear 
mixed-effects models with group (LCS, SSB), condition (baseline, post-intervention), and time (30, 60, 90, 120 
min, excluding 0 min) as fixed effects, and participant ID as a random intercept (group x condition interaction: 
P = 0.009; PBonf = 0.040).  Abbreviations:  post-intervention (Post). 
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Figure 2. α-diversity metrics (Shannon Index, Pielou’s Evenness Index, Observed 
Features, Faith’s PD) of the fecal microbiota, measured before and after three weeks 
of consuming sucralose-sweetened beverages (LCS), sugar-sweetened beverages 
(SSB), or 100% natural fruit juice (FJ) in healthy adults.  
Gut microbiota composition was assessed using 16S rRNA sequencing and analyzed using linear mixed-
effects models with group (LCS, SSB, FJ) and condition (baseline, post-intervention) as fixed effects, and 
participant ID as a random intercept (group x condition interaction: all P ≥ 0.123). Abbreviations:  post-
intervention (Post). 
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Figure 3. β-diversity (Bray-Curtis Dissimilarity) of the fecal microbiota measured 
before and after three weeks of consuming sucralose-sweetened beverages (LCS), 
sugar-sweetened beverages (SSB), or 100% natural fruit juice (FJ) in healthy adults.  
Gut microbiota composition was assessed using 16S rRNA sequencing and analyzed using PERMANOVA 
(group x condition interaction: q = 0.999). Abbreviations: baseline (B), post-intervention (P). 
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(a) 

(b) 
 
Figure 4. Mean relative abundance of the (a) six most dominant fecal microbiota phyla-
level taxa and (b) 20 most dominant fecal microbiota genus-level taxa, measured 
before and after three weeks of consuming sucralose-sweetened beverages (LCS), 
sugar-sweetened beverages (SSB) or 100% natural fruit juice (FJ) in healthy adults for 
three weeks.  
Gut microbiota composition was assessed using 16S rRNA sequencing. Group-wise comparisons of 
taxonomic abundances (mean abundance >0.2% in any group) were performed using Wilcoxon rank-sum 
tests (all P ≥ 0.161). Abbreviations: baseline (B), post-intervention (P). 
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Figure 5. Plasma glucose concentrations during OGTT, measured before and after 
three weeks of consuming 100% natural fruit juice (FJ) or sugar-sweetened beverages 
(SSB), in healthy adults. 
Data are presented as mean (SD) and individual points. Log-transformed data were analyzed using linear 
mixed-effects models with group (FJ, SSB), condition (baseline, post-intervention), and time (30, 60, 90, 120 
min, excluding 0 min) as fixed effects, and participant ID as a random intercept (all P ≥ 0.075). Abbreviations:  
post-intervention (Post). 
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STAR Methods Key resource table – Supplementary File  
 

REAGENT or RESOURCE SOURCE IDENTIFIER 

Antibodies   

Human Insulin ELISA Millipore Cat#EZHI-14K 

Progesterone ELISA Eagle Biosciences Cat#PRG31-K01 

Total Estradiol ELISA Eagle Biosciences Cat#ESD31-K01 

Human LBP Sandwich ELISA ProteinTech Cat#KE00134 

Human Zonulin ELISA Cusabio Cat#CSB-
EQ027649HU 

Quantikine CRP ELISA R & D Systems Cat#DCRP00B 

Quantikine HS Human IL-6 ELISA R & D Systems Cat#HS600C 

Quantikine HS Human TNF-α ELISA R & D Systems Cat#HSTA00E 

Biological samples   

   

Bacterial and virus strains   

   

Chemicals, peptides, and recombinant 
proteins 

  

Beverage component : commercial sucralose Splenda™ Original granulated 
sweetener,  
Heartland Food Products Group 

N/A 

Beverage component : sucrose Redpath Sugar Ltd N/A 

Beverage component : orange artificial flavor Kool-Aid™ orange unsweetened drink 
mix, Kraft Foods Group, INC. 

N/A 

Beverage component : 100% natural fruit 
juice 

Simply Orange Pulp free, Coca-Cola™ N/A 

OGTT (75 g glucose) Trutol™, Thermo Scientific N/A 

2-ethylbutyric acid Sigma-Aldrich Cat#109959-100ML 

Formic acid Sigma-Aldrich Cat#33015-1L 

Volatile Free Fatty Acid Mix Millipore Sigma Cat#46975-U 

RNAse Away  Molecular BioProducts Cat#7002 

Critical commercial assays   

Autokit Glucose (Mutarotase-GOD) Fujifilm Cat#997-03001 

QIAamp Fast DNA stool mini kit  Qiagen Cat#51306 

Quant-iT PicoGreen dsDNA Assay Kit ThermoFisher Cat#P11496 

KAPA HiFi HotStart ReadyMix PCR Kit Roche Diagnostics (Fisher Scientific) Cat#50-196-5299 

Miseq Reagent Kit V3 600 Cycle Cartridge Illumina Cat#MS-102-3003 

Nextera XT Index Primers Illumina Cat#FC-131-1001 

PhiX Control v3 Illumina Cat#FC-110-3001 

AMPure XP Reagent, 60 mL Beckman Coulter Cat#A63881 

Experimental models: Organisms/strains   
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Oligonucleotides   

16S rRNA forward primer (5' - 3'): 
TCGTCGGCAGCGTCAGATGTGTATAAGAGAC
AGCCTACGGGNGGCWGCAG 

IDT Custom 

16S rRNA reverse primer (5' - 3'): 
GTCTCGTGGGCTCGGAGATGTGTATAAGAGA
CAGGACTACHVGGGTATCTAATCC 

IDT Custom 

Recombinant DNA   

   

Software and algorithms   

Jamovi Jamovi v.2.3.28 

Jamvovi gamlj module Jamovi v.2.6.6 

Gen5  Bio-Tek Instruments v.1.11.5 

Qiime2 Qiime2  

Prism 10 Graphpad v.10.1.2 

R and RStudio R Developers v.4.4.2 

Other   

OM-AC1 | Toilet Accessory DNA Genotek 684 

Cold transport container SARSTEDT 95.1123 

Faeces tube, Screw cap, (LxØ): 101 x 16.5 
mm,  
transparent, sterile (with spatula) 

SARSTEDT 80.623 

2.8 mm Ceramic Bulk Beads (Zirconium 
oxide) 

OMNI International 19-646 

FreeZone 2.5 L Benchtop Freeze Dryer Labconco #10400000 

0.20 μm filters BioBasic #HP141 

SureSTART glass inserts ThermoFisher Scientific #6PME03C1SP 

SureSTART 2 mL glass snap top amber vials ThermoFisher Scientific #6ARV11-2P 

SureSTART 11mm Snap Caps ThermoFisher Scientific #6ERC11PEC 



 

138 
 

CHAPTER VI. Discussion 

Summary of Findings 

Excessive consumption of free sugars, particularly through beverages, is widely recognized 

as a contributor to adverse metabolic health outcomes. This raises a critical question: 

beyond water, is there a healthier alternative that allows consumers to enjoy sweetness 

without incurring its metabolic consequences? This thesis aimed to address this question 

through a series of four interrelated articles. 

The first article was a narrative review examining the metabolic health effects of SSB and 

natural FJ, with a particular focus on lipid metabolism. A key finding was that, although 

natural FJ contain beneficial bioactive compounds such as vitamins and antioxidants 

alongside free sugars, current evidence remains insufficient to determine whether they 

represent a healthier alternative to SSB. Beyond FJ, LCS have emerged as the leading 

alternative to refined sugars in beverages. These have long been regarded as 

physiologically inert, based on the assumption that they are not metabolized for energy and 

therefore exert no meaningful impact on metabolic health. This assumption served as the 

conceptual foundation for the subsequent articles in this thesis, which critically evaluated 

its validity. 

The second article concisely contextualized key findings on the potential metabolic effects 

of LCS, emphasizing on clinical relevance for physicians and health professionals. This 

work highlighted two limitations in the existing literature that constrained the 

generalizability of current evidence: 1) a predominance of studies examining acute 

exposure to LCS, rather than the cumulative effects of frequent consumption. This is a 

critical gap considering that metabolic outcomes are more likely to result from habitual 

dietary patterns; 2) a tendency of drawing inference on LCS as a collective ‘’class of 

compounds‘’, rather than evaluating them through sweetener-specific hypotheses, despite 
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convincing evidence that LCS exert distinct physiological effects based on their distinct 

chemical structures. 

To address these gaps and refine the thesis framework, the third article focused on 

sucralose, the most widely used LCS in the global food industry. This comprehensive 

critical review synthesized and evaluated findings from RCTs in humans on the cumulative 

effects of sucralose consumption on postprandial glycemic responses and gut microbiota 

as a proposed underlying mechanism. The review revealed substantial methodological 

heterogeneity across studies, including variations in dose, duration of exposure, 

comparator selection (i.e., water, SSB or a different LCS), form of administration (i.e., 

beverages, capsules), and approaches to assessing glucose tolerance and microbiota-

related outcomes. These inconsistencies drastically limit the generalizability of current 

findings. Importantly, this comprehensive critical review also addressed the considerable 

interindividual variability in gut microbiota and its potential influence on glucose 

homeostasis, offering key considerations for interpreting microbiota data and designing 

future studies. 

Building on these insights, the final article of the thesis presented findings from a 

randomized controlled trial (NARELO study) evaluating the effects of a three-week 

consumption of sucralose-sweetened beverages, compared with SSB, on postprandial 

glycemic responses in healthy adults under real-world conditions. The study also 

investigated whether changes in postprandial glycemic responses were accompanied by 

alterations in insulinemic responses, gut microbiota profile, as well as plasmatic 

biomarkers of intestinal permeability and systemic low-grade inflammation; mechanisms 

previously proposed in the literature. To address gaps identified in the first article of the 

thesis, an exploratory comparator group consuming natural FJ was included to assess 

whether free sugars from a natural source elicit distinct metabolic responses compared to 

SSB. We demonstrated that realistic sucralose consumption impairs postprandial glycemic 

responses in healthy young adults compared to SSB. Interestingly, these effects occurred 

independently of the mechanistic pathways investigated, underscoring the need for 
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continued efforts to uncover the underlying mechanisms explaining alterations in glucose 

tolerance. Reflecting on the journey that led to the completion of NARELO, this clinical trial 

was the product of five grant applications, relentless participant recruitment during a 

global pandemic, and data collection carried out through pregnancy and early 

motherhood. More importantly, it is a story of sincere scientific collaboration and 

unwavering grit, lessons that transcend the findings of this thesis and continue to shape my 

approach to research. 

Limitations 

Since the limitations of this thesis stem from the original experimental study (Thesis Article 

4), these are addressed in detail in Chapter V to avoid redundancy. 

Future Research Perspectives 

As part as their most recent guidelines ‘’ Use of non-sugar sweeteners ‘’ released in 202368, 

the WHO emphasized the lack of evidence supporting long-term health benefits from 

substituting LCS for free sugars, beyond those achieved by simply reducing free sugar 

intake. While this conclusion is well founded, the process of writing this thesis has led me 

to adopt a more nuanced perspective. Across the thesis articles presented herein, the 

need for sweetener-specific hypotheses was identified as a critical consideration. 

Additionally, concerns were raised regarding the substantial methodological heterogeneity 

in existing studies, which severely limited the generalizability of current findings. Therefore, 

while the NARELO study demonstrated that sucralose impairs glucose tolerance in 

humans, generalizing these findings to all LCS would remain a conjecture. Instead, our 

results challenge the prevailing assumption that the absence of caloric contribution 

implies metabolic neutrality, underscoring the need to re-evaluate the metabolic effects of 

each LCS individually. Looking ahead, it is plausible that a LCS, either currently known or 

yet to be discovered, could provide sweet taste without adverse metabolic consequences. 

Among the most promising candidates are rare sugars, a class of monosaccharides found 
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in trace amounts in nature, including in honey, maple syrup, and various fruits, vegetables, 

and grains40. While direct extraction from these sources is economically unfeasible, novel 

enzymatic and microbial fermentation techniques are being explored to enable scalable 

production38. Unlike most LCS, rare sugars such as D-allulose and D-tagatose have a 

relative sweetness comparable to sucrose239, yet are only partially metabolized40. Although 

data on their metabolic and physiological effects is still in its early stages, a small number 

of animal trials suggest potential benefits, including improved glycemic control39,40 and 

favorable modulation of the gut microbiota41. Currently, both D-allulose and D-tagatose are 

approved as food ingredients in the United States42,43. In Canada, however, only D-tagatose 

has received approval from by Health Canada44, while D-allulose remains classified as a 

novel food ingredient requiring a comprehensive safety assessment prior to market entry45. 

In light of these developments, rare sugars represent a promising avenue for replacing 

refined sugars and conventional LCS in food products. Accordingly, I believe that future 

studies should prioritize investigating their implications for metabolic health, particularly in 

relation to glucose homeostasis and the gut microbiota. It is my sincere hope that this 

thesis contributes to laying the groundwork for such research, a path I humbly intend to 

pursue as a future researcher. 

Conclusion 

This thesis provides novel evidence challenging the prevailing assumption that all LCS are 

physiologically inert. Moreover, it underscores the importance of compound-specific 

evaluation as the food industry innovates toward the next generation of LCS. Specifically, 

we demonstrated that cumulative sucralose consumption under real-world conditions can 

impair glucose tolerance in healthy adults over a three-week period. Notably, these 

changes were not observed following the consumption of SSB or natural FJ. Although 

several mechanistic pathways have been proposed in the literature to explain the 

metabolic effects of sucralose —including alterations in insulinemic responses, gut 

microbiota composition, SCFAs concentrations, intestinal barrier permeability, and 

systemic low-grade inflammation biomarkers—our findings did not support these 
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hypotheses under the experimental conditions tested. Furthermore, we highlighted critical 

gaps and limitations in current LCS and gut microbiota research that justify continued 

efforts to elucidate potential mechanisms in future studies to fully understand the 

metabolic implications of sucralose. More broadly, this thesis contributes to a complex 

and evolving area of research on the metabolic effects associated with the consumption of 

natural sugars, refined sugars, and LCS. Ultimately, I hope that the insights gained within 

this thesis, particularly regarding the metabolic effects of sucralose, will inform future 

research directions and public health recommendations. While there is still no clear 

consensus regarding which sweeteners, whether currently known or yet to be developed, 

may serve as suitable alternatives to refined sugars, the findings presented in my thesis 

suggest that sucralose may not be the answer we are looking for. 



 

143 
 

CHAPTER VII. References 

1.  National Center for Biotechnology Information. PubChem Compound Summary. 
https://pubchem.ncbi.nlm.nih.gov/. Published 2025. Accessed June 11, 2025. 

2.  Rana H, Mallet MC, Gonzalez A, Verreault MF, St-Pierre S. Free sugars consumption 
in Canada. Nutrients. 2021;13(5). doi:10.3390/nu13051471 

3.  World Health Organization. Guideline Sugars intake for adults and children. 2015:50. 

4.  Pepin A, Stanhope KL, Imbeault P. Are Fruit Juices Healthier Than Sugar-Sweetened 
Beverages? A Review. Nutrients. 2019;11(5):1006. doi:10.3390/nu11051006 

5.  Walker RW, Dumke KA, Goran MI. Fructose content in popular beverages made with 
and without high-fructose corn syrup. Nutrition. 2014;30(7-8):928-935. 
doi:10.1016/j.nut.2014.04.003 

6.  Kanter R, Vanderlee L, Vandevijvere S. Front-of-package nutrition labelling policy: 
Global progress and future directions. Public Health Nutr. 2018;21(8):1399-1408. 
doi:10.1017/S1368980018000010 

7.  Government of Canada. Nutrition labelling : Front-of-package nutrition symbol. 
https://www.canada.ca/en/health-canada/services/food-nutrition/nutrition-
labelling/front-package.html. Published 2025. Accessed May 23, 2025. 

8.  Langlois K, Garriguet D, Gonzalez A, Sinclair S, Colapinto CK. Change in total sugars 
consumption among Canadian children and adults. Heal Reports. 2019;30(1):10-19. 

9.  Lara-Castor L, Micha R, Cudhea F, et al. Sugar-sweetened beverage intakes among 
adults between 1990 and 2018 in 185 countries. Nat Commun. 2023;14(1):1-19. 
doi:10.1038/s41467-023-41269-8 

10.  Statista. Revenue of the artificial sweeteners market worldwide from 2020 to 2030. 
https://www.statista.com/statistics/1201648/revenue-artificial-sweetener-market-
worldwide/. Published 2025. Accessed May 26, 2025. 

11.  Sambra V, López-Arana S, Cáceres P, et al. Overuse of Non-caloric Sweeteners in 
Foods and Beverages in Chile: A Threat to Consumers’ Free Choice? Front Nutr. 
2020;7(June):1-8. doi:10.3389/fnut.2020.00068 

12.  Suez J, Korem T, Zeevi D, et al. Artificial sweeteners induce glucose intolerance by 
altering the gut microbiota. Nature. 2014;514(7521):181-186. 
doi:10.1038/nature13793 



 

144 
 

13.  Suez J, Cohen Y, Valdés-Mas R, et al. Personalized microbiome-driven effects of 
non-nutritive sweeteners on human glucose tolerance. Cell. 2022;185(18):3307-
3328.e19. doi:10.1016/j.cell.2022.07.016 

14.  Schiffman SS, Rother KI. Sucralose, a synthetic organochlorine sweetener: Overview 
of biological issues. J Toxicol Environ Heal - Part B Crit Rev. 2013;16(7):399-451. 
doi:10.1080/10937404.2013.842523 

15.  Wang X, Guo J, Liu Y, Yu H, Qin X. Sucralose Increased Susceptibility to Colitis in 
Rats. Inflamm Bowel Dis. 2019;25(2):E3-E4. doi:10.1093/ibd/izy196 

16.  Rodriguez-Palacios A, Harding A, Menghini P, et al. The Artificial Sweetener Splenda 
Promotes Gut Proteobacteria, Dysbiosis, and Myeloperoxidase Reactivity in Crohn’s 
Disease-Like Ileitis. Inflamm Bowel Dis. 2018;24(5):1005-1020. 
doi:10.1093/ibd/izy060 

17.  Uebanso T, Ohnishi A, Kitayama R, et al. Effects of low-dose non-caloric sweetener 
consumption on gut microbiota in mice. Nutrients. 2017;9(6):1-11. 
doi:10.3390/nu9060662 

18.  Sánchez-Tapia M, Miller AW, Granados-Portillo O, Tovar AR, Torres N. The 
development of metabolic endotoxemia is dependent on the type of sweetener and 
the presence of saturated fat in the diet. Gut Microbes. 2020;12(1). 
doi:10.1080/19490976.2020.1801301 

19.  Bian X, Chi L, Gao B, Tu P, Ru H, Lu K. Gut microbiome response to sucralose and its 
potential role in inducing liver inflammation in mice. Front Physiol. 2017;8(JUL):1-13. 
doi:10.3389/fphys.2017.00487 

20.  Sommer F, Bäckhed F. The gut microbiota-masters of host development and 
physiology. Nat Rev Microbiol. 2013;11(4):227-238. doi:10.1038/nrmicro2974 

21.  Zheng Z, Xiao Y, Ma L, et al. Low Dose of Sucralose Alter Gut Microbiome in Mice. 
Front Nutr. 2022;9(February):1-13. doi:10.3389/fnut.2022.848392 

22.  Bornemann V, Werness SC, Buslinger L, Schiffman SS. Intestinal Metabolism and 
Bioaccumulation of Sucralose In Adipose Tissue In The Rat. J Toxicol Environ Heal - 
Part A Curr Issues. 2018;81(18):913-923. doi:10.1080/15287394.2018.1502560 

23.  Magnuson BA, Roberts A, Nestmann ER. Critical review of the current literature on 
the safety of sucralose. Food Chem Toxicol. 2017;106:324-355. 
doi:10.1016/j.fct.2017.05.047 

24.  Ahmad SY, Friel JK, MacKay DS. Effect of sucralose and aspartame on glucose 



 

145 
 

metabolism and gut hormones. Nutr Rev. 2020;78(9):725-746. 
doi:10.1093/nutrit/nuz099 

25.  Nichol AD, Holle MJ, An R. Glycemic impact of non-nutritive sweeteners: A 
systematic review and meta-Analysis of randomized controlled trials. Eur J Clin Nutr. 
2018;72(6):796-804. doi:10.1038/s41430-018-0170-6 

26.  Monami M, Adalsteinsson JE, Desideri CM, Ragghianti B, Dicembrini I, Mannucci E. 
Fasting and post-prandial glucose and diabetic complication. A meta-analysis. Nutr 
Metab Cardiovasc Dis. 2013;23(7):591-598. doi:10.1016/j.numecd.2013.03.007 

27.  Cavalot F, Petrelli A, Traversa M, et al. Postprandial blood glucose is a stronger 
predictor of cardiovascular events than fasting blood glucose in type 2 diabetes 
mellitus, particularly in women: Lessons from the San Luigi Gonzaga diabetes study. 
J Clin Endocrinol Metab. 2006;91(3):813-819. doi:10.1210/jc.2005-1005 

28.  Lin HJ, Lee BC, Ho YL, et al. Postprandial glucose improves the risk prediction of 
cardiovascular death beyond the metabolic syndrome in the nondiabetic 
population. Diabetes Care. 2009;32(9):1721-1726. doi:10.2337/dc08-2337 

29.  Gerich JE. Clinical significance, pathogenesis, and management of postprandial 
hyperglycemia. Arch Intern Med. 2003;163(11):1306-1316. 
doi:10.1001/archinte.163.11.1306 

30.  DECODE Study Group and the European Diabetes Epidemiology Group. Glucose 
tolerance and cardiovascular mortality. Comparison of fasting and 2-hour diagnostic 
criteria. Arch Intern Med. 2001;161(3):397-405. doi:10.1001/archinte.161.3.397 

31.  Nakagami T. Hyperglycaemia and mortality from all causes and from cardiovascular 
disease in five populations of Asian origin. Diabetologia. 2004;47(3):385-394. 
doi:10.1007/s00125-004-1334-6 

32.  Lacroix S, Des Rosiers C, Tardif JC, Nigam A. The role of oxidative stress in 
postprandial endothelial dysfunction. Nutr Res Rev. 2012;25(2):288-301. 
doi:10.1017/S0954422412000182 

33.  Sylvetsky AC, Jin Y, Clark EJ, Welsh JA, Rother KI, Talegawkar SA. Consumption of 
Low-Calorie Sweeteners among Children and Adults in the United States. J Acad 
Nutr Diet. 2017. doi:10.1016/j.jand.2016.11.004 

34.  Health Canada. Sugar Substitutes. doi:10.1201/b12065 

35.  Health Canada. 9. List of Permitted Sweeteners (Lists of Permitted Food Additives). 
https://www.canada.ca/en/health-canada/services/food-nutrition/food-



 

146 
 

safety/food-additives/lists-permitted/9-sweeteners.html. Published 2024. Accessed 
October 14, 2025. 

36.  US Food & Drug Administration. Additional Information about High-Intensity 
Sweeteners Permitted for Use in Food in the United States. 
https://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/
ucm397725.htm. Published 2018. Accessed July 2, 2019. 

37.  Magnuson BA, Carakostas MC, Moore NH, Poulos SP, Renwick AG. Biological fate of 
low-calorie sweeteners. Nutr Rev. 2016;74(11):670-689. doi:10.1093/nutrit/nuw032 

38.  Dai D, Jin YS. Rare sugar bioproduction: advantages as sweeteners, enzymatic 
innovation, and fermentative frontiers. Curr Opin Food Sci. 2024;56:101137. 
doi:10.1016/j.cofs.2024.101137 

39.  Van Laar ADE, Grootaert C, Van Camp J. Rare mono- and disaccharides as healthy 
alternative for traditional sugars and sweeteners? Crit Rev Food Sci Nutr. 
2021;61(5):713-741. doi:10.1080/10408398.2020.1743966 

40.  Ahmed A, Khan TA, Ramdath DD, Kendall CWC, Sievenpiper JL. Rare sugars and their 
health effects in humans: a systematic review and narrative synthesis of the 
evidence from human trials. Nutr Rev. 2022;80(2):255-270. 
doi:10.1093/nutrit/nuab012 

41.  Lee CY, So YS, Yoo SH, Lee BH, Seo DH. Impact of artificial sweeteners and rare 
sugars on the gut microbiome. Food Sci Biotechnol. 2024;33(9):2047-2064. 
doi:10.1007/s10068-024-01597-x 

42.  U.S. Food and Drug Administration. GRAS Notice (GRN) No. 693 of D-Allulose (D-
psicose) as food ingredient. 2017:1-37. 
https://www.fda.gov/media/106159/download. 

43.  U.S. Food and Drug Administration. GRAS Notice No. GRN 000977 (D-tagatose). 
2021. https://www.fda.gov/media/155443/download. 

44.  Government of Canada. Completed safety assessments of novel foods including 
genetically modified (GM) foods : D-tagatose. https://www.canada.ca/en/health-
canada/services/food-nutrition/genetically-modified-foods-other-novel-
foods/approved-products/d-tagatose.html. Published 2025. Accessed August 12, 
2025. 

45.  Practice-based Evidence in Nutrition : PEN. Trending Topics : Is Allulose Sweetener 
Safe to Use in Canada ? 
https://www.pennutrition.com/TrendingTopic.aspx?id=30552. Published 2024. 



 

147 
 

Accessed August 12, 2025. 

46.  Mattes RD, Popkin BM. Nonnutritive sweetener consumption in humans: Effects on 
appetite and food intake and their putative mechanisms. Am J Clin Nutr. 
2009;89(1):1-14. doi:10.3945/ajcn.2008.26792 

47.  Knight I. The development and applications of sucralose, a new high-intensity 
sweetener. Can J Physiol Pharmacol. 1994;72(4):435-439. doi:10.1139/y94-063 

48.  Tate & Lyle. The role of Low- and No-calorie sweetening ingredients in promoting 
health. https://www.tateandlyle.com/sites/default/files/2019-06/tat-
186155sweetenerfactsheet51019.pdf. Published 2018. Accessed May 26, 2025. 

49.  FDA. Food additives permitted for direct addition to food for human consumption; 
sucralose. Fed Regist. 1998;63(64):16417-16433. 

50.  Omran A, Baker R, Coughlin C. Differential Bacteriostatic Effects of Sucralose on 
Various Species of Environmental Bacteria. ISRN Toxicol. 2013;2013:1-6. 
doi:10.1155/2013/415070 

51.  Omran A, Ahearn G, Bowers D, Swenson J, Coughlin C. Metabolic effects of 
sucralose on environmental bacteria. J Toxicol. 2013;2013. 
doi:10.1155/2013/372986 

52.  World Health Organization. Principles For the Safety Assessment of Food Additives 
and Contaminants in Food. Geneva; 1987. 

53.  Sylvetsky AC, Brown RJ, Blau JE, Walter M, Rother KI. Hormonal responses to non-
nutritive sweeteners in water and diet soda. Nutr Metab. 2016;13(1):1-8. 
doi:10.1186/s12986-016-0129-3 

54.  Magnuson BA, Roberts A, Nestmann ER. Critical review of the current literature on 
the safety of sucralose. Food Chem Toxicol. 2017;106:324-355. 
doi:10.1016/j.fct.2017.05.047 

55.  Roberts A, Renwick AG, Sims J, Snodin DJ. Sucralose Metabolism and 
Pharmacokinetics in Man. Food Chem Toxicol. 2000;38(Suppl. 2):S31-S41. 

56.  Sylvetsky AC, Gardner AL, Bauman V, et al. Nonnutritive Sweeteners in Breast Milk. J 
Toxicol Environ Heal - Part A Curr Issues. 2015;78(16):1029-1032. 
doi:10.1080/15287394.2015.1053646 

57.  Rother KI, Sylvetsky AC, Walter PJ, Garraffo HM, Fields DA. Pharmacokinetics of 
Sucralose and Acesulfame-Potassium in Breast Milk Following Ingestion of Diet 



 

148 
 

Soda. J Pediatr Gastroenterol Nutr. 2018;66(3):466-470. 
doi:10.1097/MPG.0000000000001817 

58.  Schiffman SS, Scholl EH, Furey TS, Nagle HT. Toxicological and pharmacokinetic 
properties of sucralose-6-acetate and its parent sucralose: in vitro screening assays. 
J Toxicol Environ Heal - Part B Crit Rev. 2023;26(6):307-341. 
doi:10.1080/10937404.2023.2213903 

59.  TC Heartland LLC v. Schiffman, No. 1:23-cv-00665 (M.D.N.C. 2023) (complaint). 
https://www.splenda.com/wp-content/uploads/2023/08/01-Complaint-Heartland-
v-Schiffman.pdf. Published 2023. Accessed June 19, 2025. 

60.  McLean Baird I, Shephard NW, Merritt RJ, Hildick-Smith G. Repeated dose study of 
sucralose tolerance in human subjects. Food Chem Toxicol. 2000;38(SUPPL.2). 
doi:10.1016/s0278-6915(00)00035-1 

61.  Frank GKW, Oberndorfer TA, Simmons AN, et al. Sucrose activates human taste 
pathways differently from artificial sweetener. Neuroimage. 2008;39(4):1559-1569. 
doi:10.1016/j.neuroimage.2007.10.061 

62.  Chakravartti SP, Jann K, Veit R, et al. Non-caloric sweetener effects on brain appetite 
regulation in individuals across varying body weights. Nat Metab. 2025;7(3):574-585. 
doi:10.1038/s42255-025-01227-8 

63.  Yunker AG, Alves JM, Luo S, et al. Obesity and Sex-Related Associations With 
Differential Effects of Sucralose vs Sucrose on Appetite and Reward Processing A 
Randomized Crossover Trial. JAMA Netw Open. 2021;4(9):e2126313. 
doi:10.1001/jamanetworkopen.2021.26313 

64.  Greyling A, Appleton KM, Raben A, Mela DJ. Acute glycemic and insulinemic effects 
of low-energy sweeteners: A systematic review and meta-analysis of randomized 
controlled trials. Am J Clin Nutr. 2020;112(4):1002-1014. doi:10.1093/ajcn/nqaa167 

65.  Tucker RM, Tan SY. Do non-nutritive sweeteners influence acute glucose 
homeostasis in humans? A systematic review. Physiol Behav. 2017;182(August):17-
26. doi:10.1016/j.physbeh.2017.09.016 

66.  Zhang R, Noronha JC, Khan TA, et al. The Effect of Non-Nutritive Sweetened 
Beverages on Postprandial Glycemic and Endocrine Responses: A Systematic 
Review and Network Meta-Analysis. Nutrients. 2023;15(4). doi:10.3390/nu15041050 

67.  Mela DJ, McLaughlin J, Rogers PJ. Perspective: Standards for Research and 
Reporting on Low-Energy (“Artificial”) Sweeteners. Adv Nutr. 2020;11(3):484-491. 
doi:10.1093/advances/nmz137 



 

149 
 

68.  World Health Organization. Use of non-sugar sweeteners : WHO guideline. World 
Heal Organ. 2023. https://www.who.int/publications/i/item/9789240073616. 

69.  Higgins KA, Mattes RD. A randomized controlled trial contrasting the effects of 4 low-
calorie sweeteners and sucrose on body weight in adults with overweight or obesity. 
Am J Clin Nutr. 2019;109(5):1288-1301. doi:10.1093/ajcn/nqy381 

70.  McGlynn ND, Khan TA, Wang L, et al. Association of Low- and No-Calorie Sweetened 
Beverages as a Replacement for Sugar-Sweetened Beverages with Body Weight and 
Cardiometabolic Risk: A Systematic Review and Meta-analysis. JAMA Netw Open. 
2022:1-19. doi:10.1001/jamanetworkopen.2022.2092 

71.  Davidson TL, Swithers SE. A Pavlovian approach to the problem of obesity. Int J 
Obes. 2004;28(7):933-935. doi:10.1038/sj.ijo.0802660 

72.  Swithers SE, Davidson TL. A role for sweet taste: calorie predictive relations in 
energy regulation by rats. Behav Neurosci. 2008;122(1):161-173. doi:10.1037/0735-
7044.122.1.161 

73.  Sclafani A. Learned Controls of Ingestive Behaviour. Appetite. 1997;29:153-158. 

74.  Mattes RD. Physiologic responses to sensory stimulation by food: Nutrionnal 
implications. J Am Diet Assoc. 1997;97(4):406-413. 

75.  Dalenberg JR, Patel BP, Denis R, et al. Short-Term Consumption of Sucralose with, 
but Not without, Carbohydrate Impairs Neural and Metabolic Sensitivity to Sugar in 
Humans. Cell Metab. 2020;31(3):493-502.e7. doi:10.1016/j.cmet.2020.01.014 

76.  Nelson G, Hoon MA, Chandrashekar J, Zhang Y, Ryba NJP, Zuker CS. Mammalian 
sweet taste receptors. Cell. 2001;106(3):381-390. doi:10.1016/S0092-
8674(01)00451-2 

77.  Juen Z, Lu Z, Yu R, et al. The structure of human sweetness. Cell. 2025:1-13. 
doi:10.1016/j.cell.2025.04.021 

78.  Margolskee RF, Dyer J, Kokrashvili Z, et al. T1R3 and gustducin in gut sense sugars to 
regulate expression of Na+-glucose cotransporter 1. Proc Natl Acad Sci U S A. 
2007;104(38):15075-15080. 

79.  Kokrashvili Z, Mosinger B, Margolskee RF. Taste signaling elements expressed in gut 
enteroendocrine cells regulate nutrient-responsive secretion of gut hormones. Am J 
Clin Nutr. 2009;90(3):822S-825S. doi:10.3945/ajcn.2009.27462T 

80.  Mace OJ, Affleck J, Patel N, Kellett GL. Sweet taste receptors in rat small intestine 



 

150 
 

stimulate glucose absorption through apical GLUT2. J Physiol. 2007;582(1):379-392. 
doi:10.1113/jphysiol.2007.130906 

81.  Rose BD, Pezos N, Choo JM, et al. Host or the Hosted? Effects of Non-Nutritive 
Sweeteners on Intestinal and Microbial Mechanisms of Glycemic Control. Nutr . 
2024;16(21). doi:10.3390/nu16213628 

82.  Kokrashvili Z, Yee KK, Ilegems E, et al. Endocrine taste cells. Br J Nutr. 
2014;111(SUPPL. 1). doi:10.1017/S0007114513002262 

83.  Abdalqadir N, Adeli K. GLP-1 and GLP-2 Orchestrate Intestine Integrity, Gut 
Microbiota, and Immune System Crosstalk. Microorganisms. 2022;10(10). 
doi:10.3390/microorganisms10102061 

84.  Swithers SE. Artificial sweeteners produce the counterintuitive effect of inducing 
metabolic derangements. Trends Endocrinol Metab. 2013;24(9):431-441. 
doi:10.1016/j.tem.2013.05.005 

85.  Jang HJ, Kokrashvili Z, Theodorakis MJ, et al. Gut-expressed gustducin and taste 
receptors regulate secretion of glucagon-like peptide-1. Proc Natl Acad Sci U S A. 
2007;104(38):15069-15074. doi:10.1073/pnas.0706890104 

86.  Swithers SE, Laboy AF, Clark K, Cooper S, Davidson TL. Experience with the high-
intensity sweetener saccharin impairs glucose homeostasis and GLP-1 release in 
rats. Behav Brain Res. 2012;233(1):1-14. doi:10.1016/j.bbr.2012.04.024 

87.  Temizkan S, Deyneli O, Yasar M, et al. Sucralose enhances GLP-1 release and lowers 
blood glucose in the presence of carbohydrate in healthy subjects but not in patients 
with type 2 diabetes. Eur J Clin Nutr. 2015;69(2):162-166. doi:10.1038/ejcn.2014.208 

88.  Brown RJ, Walter M, Rother KI. Effects of diet soda on gut hormones in youths with 
diabetes. Diabetes Care. 2012;35(5):959-964. doi:10.2337/dc11-2424 

89.  Lertrit A, Srimachai S, Saetung S, et al. Effects of sucralose on insulin and glucagon-
like peptide-1 secretion in healthy subjects: A randomized, double-blind, placebo-
controlled trial. Nutrition. 2018;55-56:125-130. doi:10.1016/j.nut.2018.04.001 

90.  Ford HE, Peters V, Martin NM, et al. Effects of oral ingestion of sucralose on gut 
hormone response and appetite in healthy normal-weight subjects. Eur J Clin Nutr. 
2011;65(4):508-513. doi:10.1038/ejcn.2010.291 

91.  Ma J, Bellon M, Wishart JM, et al. Effect of the artificial sweetener, sucralose, on 
gastric emptying and incretin hormone release in healthy subjects. Am J Physiol - 
Gastrointest Liver Physiol. 2009;296(4):735-739. doi:10.1152/ajpgi.90708.2008 



 

151 
 

92.  Ma J, Chang J, Checklin HL, et al. Effect of the artificial sweetener, sucralose, on 
small intestinal glucose absorption in healthy human subjects. Br J Nutr. 
2010;104(6):803-806. doi:10.1017/S0007114510001327 

93.  Steinert RE, Frey F, Tpfer A, Drewe J, Beglinger C. Effects of carbohydrate sugars and 
artificial sweeteners on appetite and the secretion of gastrointestinal satiety 
peptides. Br J Nutr. 2011;105(9):1320-1328. doi:10.1017/S000711451000512X 

94.  Wu T, Zhao BR, Bound MJ, et al. Effects of different sweet preloads on incretin 
hormone secretion, gastric emptying, and postprandial glycemia in healthy humans. 
Am J Clin Nutr. 2012;95(1):78-83. doi:10.3945/ajcn.111.021543 

95.  Santos-Marcos JA, Mora-Ortiz M, Tena-Sempere M, Lopez-Miranda J, Camargo A. 
Interaction between gut microbiota and sex hormones and their relation to sexual 
dimorphism in metabolic diseases. Biol Sex Differ. 2023;14(1):1-24. 
doi:10.1186/s13293-023-00490-2 

96.  Zoetendal EG, Akkermans ADL, Akkermans-van Vliet WM, De Visser JAGM, De Vos 
WM. The host genotype affects the bacterial community in the human 
gastrointestinal tract. Microb Ecol Health Dis. 2001;13(3):129-134. 
doi:10.1080/089106001750462669 

97.  Hopkins MJ, Sharp R, Macfarlane GT. Age and disease related changes in intestinal 
bacterial populations assessed by cell culture, 16S rRNA abundance, and 
community cellular fatty acid profiles. Gut. 2001;48(2):198-205. 
doi:10.1136/gut.48.2.198 

98.  Sanz Y, Cryan JF, Deschasaux-Tanguy M, Elinav E, Lambrecht R, Veiga P. The gut 
microbiome connects nutrition and human health. Nat Rev Gastroenterol Hepatol. 
2025. doi:10.1038/s41575-025-01077-5 

99.  Nicholson JK, Holmes E, Kinross J, et al. Host-Gut Microbiota Metabolic Interactions. 
Science (80- ). 2012;108(June):1262-1268. 

100.  Guarner F, Malagelada J. Gut flora in health and disease. Lancet. 2003;360:512-519. 

101.  Stephen M, Cummings JH. The microbial contribution to human faecal mass. J Med 
Microbiol. 1980;13:45-56. https://www.ncbi.nlm.nih.gov/m/pubmed/7359576/. 

102.  Davenport ER, Mizrahi-Man O, Michelini K, Barreiro LB, Ober C, Gilad Y. Seasonal 
variation in human gut microbiome composition. PLoS One. 2014;9(3). 
doi:10.1371/journal.pone.0090731 

103.  Wu GD, Chen J, Hoffmann C, et al. Linking Long-Term Dietary Patterns with Gut 



 

152 
 

Microbial Enterotypes. Science (80- ). 2011;334(October):105-109. 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3368382&tool=pmcentr
ez&rendertype=abstract. 

104.  David LA, Maurice CF, Carmody RN, et al. Diet rapidly and reproducibly alters the 
human gut microbiome. Nature. 2014;505(7484):559-563. doi:10.1038/nature12820 

105.  Suzuki T, Yoshida S, Hara H. Physiological concentrations of short-chain fatty acids 
immediately suppress colonic epithelial permeability. Br J Nutr. 2008;100(2):297-
305. doi:10.1017/S0007114508888733 

106.  Gasaly N, de Vos P, Hermoso MA. Impact of Bacterial Metabolites on Gut Barrier 
Function and Host Immunity: A Focus on Bacterial Metabolism and Its Relevance for 
Intestinal Inflammation. Front Immunol. 2021;12(May):1-16. 
doi:10.3389/fimmu.2021.658354 

107.  Tedelind S, Westberg F, Kjerrulf M, Vidal A. Anti-inflammatory properties of the short-
chain fatty acids acetate and propionate: A study with relevance to inflammatory 
bowel disease. World J Gastroenterol. 2007;13(20):2826-2832. 
doi:10.3748/wjg.v13.i20.2826 

108.  Belkaid Y, Hand TW. Role of the microbiota in immunity and inflammation. Cell. 
2014;157(1):121-141. doi:10.1016/j.cell.2014.03.011 

109.  Zhang D, Jian YP, Zhang YN, et al. Short-chain fatty acids in diseases. Cell Commun 
Signal. 2023;21(1):1-20. doi:10.1186/s12964-023-01219-9 

110.  Julia M. W. Wong, RD, Russell de Souza, RD, Cyril W. C. Kendall, PhD, Azadeh 
Emam, MSc and David J. A. Jenkins M. Colonic Health: Fermentation and Short 
Chain Fatty Acids. J Clin Gastroenterol. 2006;40(3):235-243. doi:10.1097/00004836-
200603000-00015 

111.  Li D, Lu Y, Yuan S, et al. Gut microbiota-derived metabolite trimethylamine-N-oxide 
and multiple health outcomes: an umbrella review and updated meta-analysis. Am J 
Clin Nutr. 2022;116(1):230-243. doi:10.1093/ajcn/nqac074 

112.  The Human Microbiome Project Consortium. Structure, function and diversity of the 
healthy human microbiome. Nature. 2012;486(7402):207-214. 
doi:10.1038/nature11234 

113.  Almeida A, Nayfach S, Boland M, et al. A unified catalog of 204,938 reference 
genomes from the human gut microbiome. Nat Biotechnol. 2021;39(1):105-114. 
doi:10.1038/s41587-020-0603-3 



 

153 
 

114.  Leviatan S, Shoer S, Rothschild D, Gorodetski M, Segal E. An expanded reference 
map of the human gut microbiome reveals hundreds of previously unknown species. 
(2022):1-14. doi:10.1038/s41467-022-31502-1 

115.  Eckburg PB, Bik EM, Bernstein CN, et al. Diversity of the Human Intestinal Microbial 
Flora. Science (80- ). 2005;308(5728):1635-1638. 
doi:10.1097/WAD.0b013e3181aba588.MRI 

116.  Qin J, Li R, Raes J, et al. A human gut microbial gene catalogue established by 
metagenomic sequencing. Inflamm Bowel Dis Monit. 2010;11(1):28. 
doi:10.1038/nature08821 

117.  Conz A, Salmona M, Diomede L. Effect of Non-Nutritive Sweeteners on the Gut 
Microbiota. Nutrients. 2023;15(8). doi:10.3390/nu15081869 

118.  Allaband C, McDonald D, Vázquez-Baeza Y, et al. Microbiome 101: Studying, 
Analyzing, and Interpreting Gut Microbiome Data for Clinicians. Clin Gastroenterol 
Hepatol. 2019;17(2):218-230. doi:10.1016/j.cgh.2018.09.017 

119.  Oren A, Garrity GM. Valid publication of the names of forty- ­ two phyla of 
prokaryotes. 2021. doi:10.1099/ijsem.0.005056 

120.  Arumugam M, Raes J, Pelletier E, et al. Enterotypes of the human gut microbiome. 
Nature. 2011;473(7346):174-180. doi:10.1038/nature09944 

121.  Wu GD, Chen J, Hoffmann C, et al. Linking Long-Term Dietary Patterns with Gut 
Microbial Enterotypes. Science (80- ). 2011;334:105-109. 
doi:10.1126/science.1208344 

122.  David LA, Maurice CF, Carmody RN, et al. Diet rapidly and reproducibly alters the 
human gut microbiome. Nature. 2014;505(7484):559-563. doi:10.1038/nature12820 

123.  Vangay P, Johnson AJ, Ward TL, et al. US Immigration Westernizes the Human Gut 
Microbiome. Cell. 2018;175(4):962-972.e10. doi:10.1016/j.cell.2018.10.029 

124.  Sommer F, Anderson JM, Bharti R, Raes J, Rosenstiel P. The resilience of the 
intestinal microbiota influences health and disease. Nat Rev Microbiol. 
2017;15(10):630-638. doi:10.1038/nrmicro.2017.58 

125.  Marchesi JR, Ravel J. The vocabulary of microbiome research: a proposal. 
Microbiome. 2015;3(1):1-3. doi:10.1186/s40168-015-0094-5 

126.  Ursell LK, Metcalf JL, Wegener Parfrey L, Knight R. Defining the Human Microbiome. 
Nutr Rev. 2012;70(Suppl 1):38-44. doi:10.1111/j.1753-4887.2012.00493.x.Defining 



 

154 
 

127.  Knight R, Vrbanac A, Taylor BC, et al. Best practices for analysing microbiomes. Nat 
Rev Microbiol. 2018;16(7):410-422. doi:10.1038/s41579-018-0029-9 

128.  Durazzi F, Sala C, Castellani G, Manfreda G, Remondini D, De Cesare A. Comparison 
between 16S rRNA and shotgun sequencing data for the taxonomic characterization 
of the gut microbiota. Sci Rep. 2021;11(1):1-10. doi:10.1038/s41598-021-82726-y 

129.  Laudadio I, Fulci V, Palone F, Stronati L, Cucchiara S, Carissimi C. Quantitative 
Assessment of Shotgun Metagenomics and 16S rDNA Amplicon Sequencing in the 
Study of Human Gut Microbiome. Omi A J Integr Biol. 2018;22(4):248-254. 
doi:10.1089/omi.2018.0013 

130.  Vázquez-Baeza Y, Gonzalez A, Xu ZZ, et al. Guiding longitudinal sampling in IBD 
cohorts. Gut. 2018;67(9):1743-1744. doi:10.1136/gutjnl-2017-315352 

131.  Abou-Donia MB, El-Masry EM, Abdel-Rahman AA, McLendon RE, Schiffman SS. 
Splenda alters gut microflora and increases intestinal P-glycoprotein and 
cytochrome P-450 in male rats. J Toxicol Environ Heal - Part A Curr Issues. 
2008;71(21):1415-1429. doi:10.1080/15287390802328630 

132.  Expression of Concern: Splenda Alters Gut Microflora and Increases Intestinal P-
Glycoprotein and Cytochrome P-450 in Male Rats (Journal of Toxicology and 
Environmental Health, Part A, (2008), 71, (1415-1429), 
10.1080/15287390802328630). J Toxicol Environ Heal - Part A Curr Issues. 
2024;87(9):419. doi:10.1080/15287394.2024.2321747 

133.  Valdes AM, Walter J, Segal E, Spector TD. Role of the gut microbiota in nutrition and 
health. BMJ. 2018;361(Supp1):36-44. doi:10.1136/bmj.k2179 

134.  Manco M, Putignani L, Bottazzo GF. Gut microbiota, lipopolysaccharides, and innate 
immunity in the pathogenesis of obesity and cardiovascular risk. Endocr Rev. 
2010;31(6):817-844. doi:10.1210/er.2009-0030 

135.  Gregor MF, Hotamisligil GS. Inflammatory Mechanisms in Obesity. Annu Rev 
Immunol. 2011;29(1):415-445. doi:10.1146/annurev-immunol-031210-101322 

136.  Ramanan D, Cadwell K. Intrinsic Defense Mechanisms of the Intestinal Epithelium. 
Cell Host Microbe. 2016;19(4):434-441. doi:10.1016/j.chom.2016.03.003 

137.  Schoultz I, Keita Å V. The Intestinal Barrier and Current Techniques for the 
Assessment of Gut Permeability. Cells. 2020;9(8):1-30. doi:10.3390/cells9081909 

138.  France MM, Turner JR. The mucosal barrier at a glance. J Cell Sci. 2017;130(2):307-
314. doi:10.1242/jcs.193482 



 

155 
 

139.  Compare D, Coccoli P, Rocco A, et al. Gut-liver axis: The impact of gut microbiota on 
non alcoholic fatty liver disease. Nutr Metab Cardiovasc Dis. 2012;22(6):471-476. 
doi:10.1016/j.numecd.2012.02.007 

140.  Othman M, Agüero R, Lin HC. Alterations in intestinal microbial flora and human 
disease. Curr Opin Gastroenterol. 2008;24:11-16. 

141.  Nusrat A, Turner JR, Madara JL. Molecular Physiology and Pathophysiology of Tight 
Junctions. Am J Physiol Liver Physiol. 2000;279:851-857. 

142.  Campo L, Eiseler S, Apfel T, Pyrsopoulos N. Fatty Liver Disease and Gut Microbiota: 
A Comprehensive Update. J Clin Transl Hepatol. 2018;7(1):1-5. 
doi:10.14218/jcth.2018.00008 

143.  Zeuzem S. Gut-liver axis. Int J Color Dis. 2000;15:59-82. 

144.  Hurley JC. Endotoxemia: methods of detection and clinical correlates. Clin Microbiol 
Rev. 1995;8(2):268-292. 

145.  Benoit, Ronnie; Rowe, Stephen; Watkins, Simon C. Boyle, Patricia; Garrett, Melissa; 
Alber, Sean; Wiener, Justin; Rowe, Marc I.; Ford HR. Pure endotoxin does not pass 
across the intestinal epithelium in vitro. Shock. 1998;10(1):43-47. 
doi:10.1097/00024382-199807000-00008 

146.  Ghoshal S, Witta J, Zhong J, de Villiers W, Eckhardt E. Chylomicrons promote 
intestinal absorption of lipopolysaccharides. J Lipid Res. 2009;50(1):90-97. 
doi:10.1194/jlr.M800156-JLR200 

147.  Su GL, Klein RD, Aminlari A, et al. Kupffer Cell Activation by Lipopolysaccharide in 
Rats : Role for Lipopolysaccharide Binding Protein and Toll-like Receptor 4. 
Hepatology. 2000;31(4):932-936. doi:10.1053/he.2000.5634 

148.  Su GL. Lipopolysaccharides in liver injury: molecular mechanisms of Kupffer cell 
activation. Am J Physiol Liver Physiol. 2002;283:256-265. 

149.  Xu FL, Ph D, You HB, et al. Glycine attenuates endotoxin-induced liver injury by 
downregulating TLR4 signaling in Kupffer cells. Am J Surg. 2008;196(1):139-148. 
doi:10.1016/j.amjsurg.2007.09.045 

150.  Luster MI, Germolec DR, Yoshida T, Kayama F, Thompson M. Endotoxin-induced 
Cytokine Gene Expression and Excretion. Hepatology. 1993;19(2):480-488. 

151.  Berbudi A, Khairani S, Tjahjadi AI. Interplay Between Insulin Resistance and Immune 
Dysregulation in Type 2 Diabetes Mellitus: Implications for Therapeutic 



 

156 
 

Interventions. ImmunoTargets Ther. 2025;14:359-382. doi:10.2147/ITT.S499605 

152.  Rehman K, Akash MSH. Mechanisms of inflammatory responses and development 
of insulin resistance: How are they interlinked? J Biomed Sci. 2016;23(1):1-18. 
doi:10.1186/s12929-016-0303-y 

153.  Rorato R, Borges B de C, Uchoa ET, Antunes-Rodrigues J, Elias CF, Kagohara Elias 
LL. LPS-induced low-grade inflammation increases hypothalamic JNK expression 
and causes central insulin resistance irrespective of body weight changes. Int J Mol 
Sci. 2017;18(7):1-14. doi:10.3390/ijms18071431 

154.  Lebrun LJ, Lenaerts K, Kiers D, et al. Enteroendocrine L Cells Sense LPS after Gut 
Barrier Injury to Enhance GLP-1 Secretion. Cell Rep. 2017;21(5):1160-1168. 
doi:10.1016/j.celrep.2017.10.008 

155.  Cummings JH, Hill MJ, Bone ES, Branch WJ, Jenkins DJ. The effect of meat protein 
and dietary fiber on colonic function and metabolism. II. Bacterial metabolites in 
feces and urine. Am J Clin Nutr. 1979;32(10):2094-2101. 
doi:10.1093/ajcn/32.10.2094 

156.  Cook SI, Sellin JH. Review article: Short chain fatty acids in health and disease. 
Aliment Pharmacol Ther. 1998;12(6):499-507. doi:10.1046/j.1365-
2036.1998.00337.x 

157.  McNeil NI, Cummings JH, James WPT. Short chain fatty acid absorption by the 
human large intestine. Gut. 1978;19(9):819-822. doi:10.1136/gut.19.9.819 

158.  Albert S. Baldwin J. THE NF-κB AND IκB PROTEINS: New Discoveries and Insights. 
Annu Rev Immunol. 1996;14(1):649-681. 

159.  Rios-Covian D, González S, Nogacka AM, et al. An Overview on Fecal Branched 
Short-Chain Fatty Acids Along Human Life and as Related With Body Mass Index: 
Associated Dietary and Anthropometric Factors. Front Microbiol. 2020;11(May):1-9. 
doi:10.3389/fmicb.2020.00973 

160.  Grotz VL, Pi-sunyer X, Porte D, Roberts A, Trout JR. A 12-week randomized clinical 
trial investigating the potential for sucralose to affect glucose homeostasis. Regul 
Toxicol Pharmacol. 2017;88:22-33. doi:10.1016/j.yrtph.2017.05.011 

161.  National Institutes of Health. National Institutes of Health Revitalization Act of 1993. 
Subtitle B--Clinical Research Equity Regarding Women and Minorities. Vol 292.; 
1993. 

162.  Canadian Institutes of Health Research. Review of the Institute of Gender and 



 

157 
 

Health. Report of the IGH Review Panel.; 2018. https://cihr-
irsc.gc.ca/e/documents/igh_evaluation_report_2018-en.pdf. 

163.  Romo-Romo A, Aguilar-Salinas CA, Brito-Córdova GX, Gómez-Díaz RA, Almeda-
Valdes P. Sucralose decreases insulin sensitivity in healthy subjects: A randomized 
controlled trial. Am J Clin Nutr. 2018;108(3):485-491. doi:10.1093/ajcn/nqy152 

164.  Ahrén B, Pacini G. Glucose effectiveness: Lessons from studies on insulin-
independent glucose clearance in mice. J Diabetes Investig. 2021;12(5):675-685. 
doi:10.1111/jdi.13446 

165.  JECFA. Evaluation of Certain Food Additives and Contaminants: Thirty-Seventh 
Report of the Joint FAO/WHO Expert Committee on Food Additives (JECFA). Geneva; 
1990. 

166.  Roberts-Thomson KM, Parker L, Betik AC, et al. Oral and intravenous glucose 
administration elicit opposing microvascular blood flow responses in skeletal 
muscle of healthy people: role of incretins. J Physiol. 2022;600(7):1667-1681. 
doi:10.1113/JP282428 

167.  Thomson P, Santibañez R, Aguirre C, Galgani JE, Garrido D. Short-Term Impact of 
Sucralose Consumption on the Metabolic Response and Gut Microbiome of Healthy 
Adults. Br J Nutr. 2019:1-23. doi:10.1017/S0007114519001570 

168.  Lin G, Siddiqui R, Lin Z, et al. Blood glucose variance measured by continuous 
glucose monitors across the menstrual cycle. npj Digit Med. 2023;6(1). 
doi:10.1038/s41746-023-00884-x 

169.  Barata DS, Adan LF, Netto EM, Ramalho AC. The effect of the menstrual cycle on 
glucose control in women with type1 diabetes evaluated using a continuous glucose 
monitoring system. Diabetes Care. 2013;36(5):2013. doi:10.2337/dc12-2248 

170.  Zhao X, Büdeyri Gökgöz N, Xie Z, Jakobsen LMA, Nielsen DS, Bertram HC. Effects of 
calcium supplementation on the composition and activity of in vitro simulated gut 
microbiome during inulin fermentation. Food Funct. 2025;16(7):2857-2869. 
doi:10.1039/d4fo06365a 

171.  Ahmad SY, Friel JK, Mackay DS. The effect of the artificial sweeteners on glucose 
metabolism in healthy adults: A randomized, double-blinded, crossover clinical trial. 
Appl Physiol Nutr Metab. 2020;45(6):606-612. doi:10.1139/apnm-2019-0359 

172.  Rogers PJ, Appleton KM. The effects of low-calorie sweeteners on energy intake and 
body weight: a systematic review and meta-analyses of sustained intervention 
studies. Int J Obes. 2021;45(3):464-478. doi:10.1038/s41366-020-00704-2 



 

158 
 

173.  Toews I, Lohner S, Küllenberg De Gaudry D, Sommer H, Meerpohl JJ. Association 
between intake of non-sugar sweeteners and health outcomes: Systematic review 
and meta-analyses of randomised and non-randomised controlled trials and 
observational studies. BMJ. 2019;364. doi:10.1136/bmj.k4718 

174.  Laviada-Molina H, Molina-Segui F, Pérez-Gaxiola G, et al. Effects of nonnutritive 
sweeteners on body weight and BMI in diverse clinical contexts: Systematic review 
and meta-analysis. Obes Rev. 2020;21(7):1-13. doi:10.1111/obr.13020 

175.  Rios-Leyvraz M, Montez J. Health effects of the use of non-sugar sweeteners: a 
systematic review and meta-analysis. Geneva World Heal Organ. 2022:1-200. 
https://www.who.int/publications/i/item/9789240046429. 

176.  Le Floch JP, Escuyer P, Baudin E, Baudon D, Perlemuter L. Blood glucose area under 
the curve: Methodological aspects. Diabetes Care. 1990;13(2):172-175. 
doi:10.2337/diacare.13.2.172 

177.  Ahmad SY, Friel J, Mackay D. The effects of non-nutritive artificial sweeteners, 
aspartame and sucralose, on the gut microbiome in healthy adults: Secondary 
outcomes of a randomized double-blinded crossover clinical trial. Nutrients. 
2020;12(11):1-16. doi:10.3390/nu12113408 

178.  Dalenberg JR, Patel BP, Denis R, et al. Short-Term Consumption of Sucralose with, 
but Not without, Carbohydrate Impairs Neural and Metabolic Sensitivity to Sugar in 
Humans. Cell Metab. 2020;31(3):493-502.e7. doi:10.1016/j.cmet.2020.01.014 

179.  Bueno-Hernández N, Esquivel-Velázquez M, Alcántara-Suárez R, et al. Chronic 
sucralose consumption induces elevation of serum insulin in young healthy adults: a 
randomized, double blind, controlled trial. Nutr J. 2020;19(1):1-12. 
doi:10.1186/s12937-020-00549-5 

180.  Méndez-García LA, Bueno-Hernández N, Cid-Soto MA, et al. Ten-Week Sucralose 
Consumption Induces Gut Dysbiosis and Altered Glucose and Insulin Levels in 
Healthy Young Adults. Microorganisms. 2022;10(2):1-14. 
doi:10.3390/microorganisms10020434 

181.  Smith CJ, Osborn AM. Advantages and limitations of quantitative PCR (Q-PCR)-
based approaches in microbial ecology. FEMS Microbiol Ecol. 2009;67(1):6-20. 
doi:10.1111/j.1574-6941.2008.00629.x 

182.  Jian C, Luukkonen P, Yki-Järvinen H, Salonen A, Korpela K. Quantitative PCR 
provides a simple and accessible method for quantitative microbiota profiling. PLoS 
One. 2020;15(1):1-10. doi:10.1371/journal.pone.0227285 



 

159 
 

183.  Sommer F, Rühlemann MC, Bang C, et al. Microbiomarkers in inflammatory bowel 
diseases: Caveats come with caviar. Gut. 2017;66(10):1734-1738. 
doi:10.1136/gutjnl-2016-313678 

184.  Cassol I, Ibañez M, Bustamante JP. Key features and guidelines for the application of 
microbial alpha diversity metrics. Sci Rep. 2025;15(622):1-13. 
doi:https://doi.org/10.1038/s41598-024-77864-y 1 

185.  Orku SE, Suyen G, Bas M. The effect of regular consumption of four low- or no-
calorie sweeteners on glycemic response in healthy women: A randomized 
controlled trial. Nutrition. 2023;106:111885. doi:10.1016/j.nut.2022.111885 

186.  Thomson P, Santibañez R, Aguirre C, Galgani JE, Garrido D. Short-term impact of 
sucralose consumption on the metabolic response and gut microbiome of healthy 
adults. Br J Nutr. 2019;122(8):856-862. doi:10.1017/S0007114519001570 

187.  Heartland Food Products Group. Scientific Publications Summary.; 2023. 

188.  Moye J. Coca-Cola Launches Crowdsourcing Challenges to Find Next-Generation 
Sweetener Innovations. The Coca-Cola Company. http://www.coca-
colacompany.com/stories/coca-cola-launches-crowdsourcing-challenges-to-find-
next-generat. Published 2017. Accessed August 3, 2017. 

189.  Sievenpiper JL, Khan TA, Ha V, Viguiliouk E, Auyeung R. The importance of study 
design in the assessment of nonnutritive sweeteners and cardiometabolic health. 
Cmaj. 2017;189(46):E1424-E1425. doi:10.1503/cmaj.733381 

190.  Khan TA, Sievenpiper JL. Low-energy sweeteners and cardiometabolic health: Is 
there method in the madness? Am J Clin Nutr. 2020;112(4):917-919. 
doi:10.1093/ajcn/nqaa260 

191.  Ashwell M, Gibson S, Bellisle F, et al. Expert consensus on low-calorie sweeteners: 
Facts, research gaps and suggested actions. Nutr Res Rev. 2020;33(1):145-154. 
doi:10.1017/S0954422419000283 

192.  Mela DJ. Is There an Academic Bias against Low-Energy Sweeteners? Nutrients. 
2022;14(7). doi:10.3390/nu14071428 

193.  Sánchez-Delgado M, Estrada JA, Paredes-Cervantes V, Kaufer-Horwitz M, Contreras 
I. Changes in nutrient and calorie intake, adipose mass, triglycerides and TNF-α 
concentrations after non-caloric sweetener intake: A pilot study. Int J Vitam Nutr 
Res. 2021;91(1-2):87-98. doi:10.1024/0300-9831/a000611 

194.  Han Y, Kwon EY, Yu MK, et al. A preliminary study for evaluating the dose-dependent 



 

160 
 

effect of D-allulose for fat mass reduction in adult humans: A randomized, double-
blind, placebo-controlled trial. Nutrients. 2018;10(2). doi:10.3390/nu10020160 

195.  Romo-Romo A, Aguilar-Salinas CA, Brito-Córdova GX, Gómez-Díaz RA, Almeda-
Valdes P. Sucralose decreases insulin sensitivity in healthy subjects: A randomized 
controlled trial. Am J Clin Nutr. 2018;108(3):485-491. doi:10.1093/ajcn/nqy152 

196.  Meule A. Food cravings in food addiction: Exploring a potential cut-off value of the 
Food Cravings Questionnaire-Trait-reduced. Eat Weight Disord. 2018;23(1):39-43. 
doi:10.1007/s40519-017-0452-3 

197.  Meule A, Hermann T, Kübler A. A short version of the food cravings questionnaire-
trait: The FCQ-T-reduced. Front Psychol. 2014;5(MAR):1-10. 
doi:10.3389/fpsyg.2014.00190 

198.  Silva-Bermudez LS, Toloza FJK, Perez-Matos MC, et al. Effects of oral contraceptives 
on metabolic parameters in adult premenopausal women: A meta-analysis. Endocr 
Connect. 2020;9(10):978-998. doi:10.1530/EC-20-0423 

199.  World Health Organisation (WHO). WHO | Waist Circumference and Waist–Hip 
Ratio. Report of a WHO Expert Consultation.; 2008. http://www.who.int. 

200.  Compher C, Frankenfield D, Keim N, Roth-Yousey L. Best Practice Methods to Apply 
to Measurement of Resting Metabolic Rate in Adults: A Systematic Review. J Am Diet 
Assoc. 2006;106(6):881-903. doi:10.1016/j.jada.2006.02.009 

201.  Harris JA, Benedict FG. A Biometric Study of Human Basal Metabolism. Proc Natl 
Acad Sci. 1918;4(12):370-373. doi:10.1073/pnas.4.12.370 

202.  Brisbois T, Marsden S, Anderson G, Sievenpiper J. Estimated Intakes and Sources of 
Total and Added Sugars in the Canadian Diet. Nutrients. 2014;6(5):1899-1912. 
doi:10.3390/nu6051899 

203.  Garriguet D. Beverage consumption of Canadian adults. Heal Reports, Stat Canada. 
2008;19(4):23-29. 

204.  Liu S, Munasinghe LL, Ohinmaa A, Veugelers PJ. Added, Free and Total Sugar 
Content and Consumption of Foods and Beverages in Canada.; 2020. 

205.  Goulet N, Marcoux C, Bourgon V, et al. Biological sex-related differences in the 
postprandial triglyceride response to intermittent hypoxaemia in young adults: a 
randomized crossover trial. J Physiol. 2024;0:1-18. doi:10.1113/JP285430 

206.  Livingston DBH, Sweet A, Rodrigue A, et al. Dietary Flaxseed and Flaxseed Oil 



 

161 
 

Differentially Modulate. Nutrients. 2023;15(3542):1-23. 
doi:https://doi.org/10.3390/nu15163542 

207.  Bolyen E, Rideout JR, Dillon MR, et al. Reproducible, interactive, scalable and 
extensible microbiome data science using QIIME 2. Nat Biotechnol. 2019;37(8):852-
857. doi:10.1038/s41587-019-0209-9 

208.  Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson AJA, Holmes SP. DADA2: 
High-resolution sample inference from Illumina amplicon data. Nat Methods. 
2016;13(7):581-583. doi:10.1038/nmeth.3869 

209.  Katoh K, Standley DM. MAFFT multiple sequence alignment software version 7: 
Improvements in performance and usability. Mol Biol Evol. 2013;30(4):772-780. 
doi:10.1093/molbev/mst010 

210.  Price MN, Dehal PS, Arkin AP. FastTree 2 - Approximately maximum-likelihood trees 
for large alignments. PLoS One. 2010;5(3). doi:10.1371/journal.pone.0009490 

211.  McDonald D, Price MN, Goodrich J, et al. An improved Greengenes taxonomy with 
explicit ranks for ecological and evolutionary analyses of bacteria and archaea. ISME 
J. 2012;6(3):610-618. doi:10.1038/ismej.2011.139 

212.  Bokulich NA, Kaehler BD, Rideout JR, et al. Optimizing taxonomic classification of 
marker-gene amplicon sequences with QIIME 2’s q2-feature-classifier plugin. 
Microbiome. 2018;6(1):1-17. doi:10.1186/s40168-018-0470-z 

213.  Paradis E, Schliep K. Ape 5.0: An environment for modern phylogenetics and 
evolutionary analyses in R. Bioinformatics. 2019;35(3):526-528. 
doi:10.1093/bioinformatics/bty633 

214.  Wickham H. Ggplot2. Wiley Interdiscip Rev Comput Stat. 2011;3(2):180-185. 
doi:10.1002/wics.147 

215.  Oksanen AJ, Blanchet FG, Friendly M, et al. Package ‘ vegan .’ 2012;(February 2017). 

216.  Gloor GB, Macklaim JM, Pawlowsky-Glahn V, Egozcue JJ. Microbiome datasets are 
compositional: And this is not optional. Front Microbiol. 2017;8(NOV):1-6. 
doi:10.3389/fmicb.2017.02224 

217.  Wickham H, François R, Henry L, Müller K, Vaughan D. dplyr: A Grammar of Data 
Manipulation. doi:10.32614/CRAN.package.dplyr 

218.  Pepino M, Tiemann C, Patterson B, Wice B, Klein S. Sucralose affects glycemic and 
hormonal responses to an oral glucose load. Diabetes Care. 2013;36(September 



 

162 
 

2013):2530-2535. doi:10.2337/dc12-2221. 

219.  Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible statistical power 
analysis program for the social, behavioral, and biomedical sciences. Behav Res 
Methods. 2007;39(2):175-191. doi:10.3758/BF03193146 

220.  Stricker R, Eberhart R, Chevailler MC, Quinn FA, Bischof P, Stricker R. Establishment 
of detailed reference values for luteinizing hormone, follicle stimulating hormone, 
estradiol, and progesterone during different phases of the menstrual cycle on the 
Abbott ARCHITECT® analyzer. Clin Chem Lab Med. 2006;44(7):883-887. 
doi:10.1515/CCLM.2006.160 

221.  Suez J, Korem T, Zeevi D, et al. Artificial sweeteners induce glucose intolerance by 
altering the gut microbiota. Nature. 2014;514(7521):181-186. 
doi:10.1038/nature13793 

222.  Beyl RA, Burton J, Johnson WD. Comparison of Power from Area under the Curve and 
Mixed Effects Models Methodologies for Profile Analysis. In: Joint Statistical 
Meetings. Vol 1. ; 2014:4305-4310. 

223.  James DE, Stöckli J, Birnbaum MJ. The aetiology and molecular landscape of insulin 
resistance. Nat Rev Mol Cell Biol. 2021;22(11):751-771. doi:10.1038/s41580-021-
00390-6 

224.  Burchfield JG, Diaz-vegas A, James DE. The insulin signalling network. Nat Metab. 
2025;(August). doi:10.1038/s42255-025-01349-z 

225.  Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: insulin resistance and β-cell function from fasting 
plasma glucose and insulin concentrations in man. Diabetologia. 1985;28(7):412-
419. doi:10.1007/BF00280883 

226.  Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from oral glucose 
tolerance testing: Comparison with the euglycemic insulin clamp. Diabetes Care. 
1999;22(9):1462-1470. doi:10.2337/diacare.22.9.1462 

227.  Cara KC, Beauchesne AR, Wallace TC, Chung M. Effects of 100% Orange Juice on 
Markers of Inflammation and Oxidation in Healthy and At-Risk Adult Populations: A 
Scoping Review, Systematic Review, and Meta-analysis. Adv Nutr. 2022;13(1):116-
137. doi:10.1093/advances/nmab101 

228.  Liu Q, Chiavaroli L, Ayoub-Charette S, et al. Fructose-containing food sources and 
blood pressure: A systematic review and meta-analysis of controlled feeding trials. 
PLoS One. 2023;18(8 August). doi:10.1371/journal.pone.0264802 



 

163 
 

229.  Splenda. Splenda® Granulated Sweetener. 
https://www.splenda.com.au/product/splenda-granulated-sweetener/. Published 
2024. Accessed August 30, 2024. 

230.  Almutairi R, Basson AR, Wearsh P, Cominelli F, Rodriguez-Palacios A. Validity of 
food additive maltodextrin as placebo and effects on human gut physiology: 
systematic review of placebo-controlled clinical trials. Eur J Nutr. 2022;61(6):2853-
2871. doi:10.1007/s00394-022-02802-5 

231.  Tandon D, Haque MM, Gote M, et al. A prospective randomized, double-blind, 
placebo-controlled, dose-response relationship study to investigate efficacy of 
fructo-oligosaccharides (FOS) on human gut microflora. Sci Rep. 2019;9(1):1-15. 
doi:10.1038/s41598-019-41837-3 

232.  Fastinger ND, Karr-lilienthal LK, Spears JK, et al. A Novel Resistant Maltodextrin 
Alters Gastrointestinal Tolerance Factors, Fecal Characteristics, and Fecal 
Microbiota in Healthy Adult Humans. J Am Coll Nutr. 2008;27(2):356-366. 
doi:10.1080/07315724.2008.10719712 

233.  Seethaler B, Basrai M, Neyrinck AM, et al. Biomarkers for assessment of intestinal 
permeability in clinical practice. Am J Physiol Liver Physiol. 2024;(May 2021):11-17. 
doi:10.1152/ajpgi.00113.2021 

234.  van Wijck K, Verlinden TJM, van Eijk HMH, et al. Novel multi-sugar assay for site-
specific gastrointestinal permeability analysis: A randomized controlled crossover 
trial. Clin Nutr. 2013;32(2):245-251. doi:10.1016/j.clnu.2012.06.014 

235.  Fasano A, Not T, Wang W, et al. Zonulin , a newly discovered modulator of intestinal 
permeability , and its expression in coeliac disease Detection of human herpes virus 
6 DNA in fetal hydrops. Lancet. 2000;355:1518-1519. doi:10.1016/S0140-
6736(00)02169-3 

236.  Scheffler L, Crane A, Heyne H, et al. Widely used commercial ELISA does not detect 
precursor of haptoglobin2, but recognizes properdin as a potential second member 
of the zonulin family. Front Endocrinol (Lausanne). 2018;9(FEB):1-11. 
doi:10.3389/fendo.2018.00022 

237.  Ajamian M, Steer D, Rosella G, Gibson PR. Serum zonulin as a marker of intestinal 
mucosal barrier function: May not be what it seems. PLoS One. 2019;14(1):1-14. 
doi:10.1371/journal.pone.0210728 

238.  Health Canada. Dietary reference intakes tables: Reference values for vitamins. 
https://www.canada.ca/en/health-canada/services/food-nutrition/healthy-
eating/dietary-reference-intakes/tables/reference-values-vitamins.html. Published 



 

164 
 

2025. 

239.  Wee M, Tan V, Forde C. A comparison of psychophysical dose-response behaviour 
across 16 sweeteners. Nutrients. 2018;10(11):1-16. doi:10.3390/nu10111632 

240.  Health Canada. Sugar alcohols (polyols) and polydextrose used as sweeteners in 
foods - food safety. 2005:1-5. https://www.canada.ca/en/health-
canada/services/food-nutrition/food-safety/food-additives/sugar-substitutes/sugar-
alcohols-polyols-polydextrose-used-sweeteners-foods-food-safety.html. 

241.  Meneghini L. HbA1c. In: Gellman, M.D., Turner, J.R. (Eds) Encyclopedia of Behavioral 
Medicine. Springer US; 2013. doi:https://doi.org/10.1007/978-1-4419-1005-9_1193 

242.  Domjan M. Pavlovian conditioning mechanisms and theories. In: American 
Psychological Association., ed. The Essentials of Conditioning and Learning (4th 
Ed.). 4th ed. ; 2018:77-93. doi:10.1037/0000057-006 

243.  Laffitte A, Neiers F, Briand L. Functional roles of the sweet taste receptor in oral and 
extraoral tissues. Curr Opin Clin Nutr Metab Care. 2014;17(4):379-385. 
doi:10.1097/MCO.0000000000000058 

244.  Ley RE, Peterson DA, Gordon JI. Ecological and evolutionary forces shaping 
microbial diversity in the human intestine. Cell. 2006;124(4):837-848. 
doi:10.1016/j.cell.2006.02.017 

245.  Parte AC, Carbasse JS, Meier-Kolthoff JP, Reimer LC, Göker M. List of prokaryotic 
names with standing in nomenclature (LPSN) moves to the DSMZ. Int J Syst Evol 
Microbiol. 2020;70(11):5607-5612. doi:10.1099/ijsem.0.004332 

246.  Cani PD, Knauf C, Iglesias MA, et al. Metabolic Endotoxemia Initiates Obesity and 
Insulin Resistance. Diabetes. 2007;55(5):1484-1490. doi:10.2337/diabetes. 

247.  Bergman RN, Ider YZ, Bowden CR, Cobelli C. Quantitative estimation of insulin 
sensitivity. Am J Physiol Endocrinol Metab Gastrointest Physiol. 1979;5(6). 
doi:10.1152/ajpendo.1979.236.6.e667 

248.  Best JD, Kahn SE, Ader M, Watanabe RM, Ni T-C, Bergman RN. Determination of 
Glucose Tolerance. Diabetes Care. 1996;19(September 1996):1018-1030. 

249.  Urits BI, Charipova K, Gress K, et al. Adverse Effects of Recreational and Medical 
Cannabis. 2021;51(1):94-109. 

250.  Legare CA, Kent WMR. Therapeutic Potential of Cannabis , Cannabidiol , and 
Cannabinoid-Based Pharmaceuticals. 2022:131-149. doi:10.1159/000521683 



 

165 
 

251.  Splenda®. Splenda® Granulated Sweetener. 
https://www.splenda.com.au/product/splenda-granulated-sweetener/. Published 
2025. Accessed June 19, 2025. 

252.  Abou-Donia MB, El-Masry EM, Abdel-Rahman AA, McLendon RE, Schiffman SS. 
Splenda alters gut microflora and increases intestinal P-glycoprotein and 
cytochrome P-450 in male rats. J Toxicol Environ Heal - Part A Curr Issues. 
2008;71(21):1415-1429. doi:10.1080/15287390802328630 

253.  Coke Solutions. Diet Coke ® Sweetened with Splenda ®. 
https://www.cokesolutions.com/products/brands/diet-coke/diet-coke-with-
splenda.html. Accessed August 30, 2024. 



 

166 
 

APPENDICES 

 



 

167 
 

 

 



 

168 
 

  

 

 

 
University of Ottawa     |     Université d’Ottawa 
Faculty of Health Sciences  |  Faculté des Sciences de la Santé  
School of Human Kinetics  |  Écoles des Sciences de l’Activité Physique 

 

 

CONSENT FORM 

 

Metabolic Effects of Natural Sugars, Refined Sugars and Low-Calorie Sweeteners 

 

Researcher (Primary Investigator): 

Alexandra Pepin, RD., PhD candidate. 

alexandra.pepin@uottawa.ca  ;  (613) 562-5800 ext. 2655 

 

Thesis supervisor: 

Pascal Imbeault, PhD.  

imbeault@uottawa.ca  ;  (613) 562-5800 ext. 7290  

 

Faculty of Health Sciences, University of Ottawa 

School of Human Kinetics, 

Behavioral and Metabolic Research Unit (BMRU/URCM) 

 

 

Why am I being invited to take part in a research study? 

 

We invite you to take part in a research study conducted by Alexandra Pepin, doctoral 

candidate at the Behavioral and Metabolic Research Unit (BMRU) of the University of Ottawa 

because you have answered a telephone screening interview and reported that you… 

 

Are between the age of 18-35 years 

Are non-smoker (including vaping) 

Have a stable body weight over the prior 6 months 

Do not have diabetes mellitus or liver, kidney or thyroid disorders, or take hypolipidemic, anti-

diabetic, antihypertensive or anti-depression medication 

 

Purpose of the research: Why is this research being done? 

 

We hope to learn more about the effects of consuming natural fruit juices, sugar-sweetened 

beverages and beverages with low-calorie sweeteners (sugar substitutes) on your blood 

glucose concentrations, your body’s sensitivity to the hormone insulin and your inflammation 

mailto:alexandra.pepin@uottawa.ca
mailto:imbeault@uottawa.ca
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markers. This project is unique because we also hope to learn more about the impacts of these 

different sweeteners on your intestinal health and your intestinal microbiota. 

 

How long will the research last? 

We expect that you will be in this research study for approximately 28 days, including a 7-day 

run-in period and 21 days of intervention.  

 

How many people will be studied? 

We expect to study about 40 people, including women and men.  

 

Whom can I talk to? 

If you have any questions or concerns, you can talk to the research team: 

 

Researcher (Primary Investigator): 

Alexandra Pepin, RD., PhD candidate. 

alexandra.pepin@uottawa.ca  ;  (613) 562-5800 ext. 2655 

 

Thesis supervisor: 

Pascal Imbeault, PhD.  

imbeault@uottawa.ca  ;  (613) 562-5800 ext. 7290  

 

 

What happens if I want to participate to this study? 

 

During a preliminary session (which includes an in-person screening interview), we will explain 

this research study to you, including: the nature and purpose of the research study, the 

procedures to be followed, any common or important discomforts and risks and any benefits you 

might expect. 

 

Whether or not you take part is up to you.  

You can agree to take part now and later change your mind. 

You can ask all the questions you want before you decide. 

If you agree to take part, you will be given a signed and dated copy of this document. 

 

You will need to pass the following “in-person screening” tests or procedures to determine if you 

are eligible to participate to the study. For the tests to be valid, it will be necessary for you to 

follow these dietary guidelines: 

 

 

 

 

 

 

 

Do not consume alcoholic beverages or use cannabis the day before the 

screening visit. 

 

Do not eat or drink anything except water and do not engage in exercise/sport 

before the study visit starting 12 hours the night before your scheduled appointment 

time. 

 

mailto:alexandra.pepin@uottawa.ca
mailto:imbeault@uottawa.ca
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The tests will occur at the Behavioral and Metabolic Research Unit (BMRU) located at the Lees 

Campus of the University of Ottawa and will last a total of 75 minutes. 

 

• Body measurements: Your height, weight, and waist circumference will be measured 

using a measuring tape (wearing a hospital gown without shoes). 

• Blood pressure: Your blood pressure will be measured using an automatic 

sphygmomanometer, the same kind of equipment used by family physician. Please wear 

a t-shirt/short sleeve shirt. 

• Fasting blood glucose: Your fasting blood glucose will be measured using a 

glucometer with a capillary blood droplet collected on the tip of your finger. This method 

is the one used multiple times a day by individuals with diabetes. 

• Food questionnaires: You will be asked to complete two online questionnaires about 

your dietary habits and your relationship with food cravings. If possible, please bring 

your smartphone as the questionnaires can be accessed using a QR code. 

 

If the screening tests and procedures show that you can participate in the study, and you 

choose and are selected to take part, you will be offered to stay at the laboratory to continue the 

preliminary session.  

 

 

PRELIMINARY SESSION 

 

During the second part of the preliminary session (60 minutes / tests and procedures), you will 

be asked to complete one brief questionnaire about your dietary habits and their relationship 

with food cravings. Then, your body composition and your resting metabolic rate will be 

measured. These two procedures are detailed below. For the tests to be valid, it is important 

that you… 

 

 

 

 

 

 

 

 

• Resting Metabolic Rate (RMR): Your daily energy needs will be determined by 

measuring the amount of oxygen and carbon dioxide in the air that you breathe in and 

out (indirect calorimetry). To do so, you will be wearing a mask that covers your nose 

and mouth and you will be asked to stay awake, motionless, in a semi-recumbent 

position for about 30 minutes.  

 

 

 

Do not consume alcoholic beverages or use cannabis the day before the 

screening visit. 

 

Do not eat or drink anything except water and do not engage in exercise/sport 

before the study visit starting 12 hours the night before your scheduled appointment 

time. 
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During the third part of the preliminary session (30 minutes / information session), you will 

receive essential information to prepare you for your participation in the study. The first thing 

you need to know is that this 3-week study is preceded by a 7-day run-in period to ensure that 

you are comfortable with the dietary protocol and to ‘’ reset ‘’ your gut microbiota for the study. 

During this meeting, you will… 

 

▪ Receive specific dietary instructions to follow during the 7-day run-in period. More 

specifically, you will be asked to maintain your usual diet while refraining from 

consuming sugar-sweetened beverages, fruit juices and foods and beverages that 

contain low-calorie sweeteners (a detailed list of foods and beverages to avoid will be 

provided to you). You will also receive training from the Primary Investigator, who is also 

a registered dietitian, on how to read and understand nutrition labels. In addition, you will 

be asked to refrain from drinking more than 2 alcoholic beverages/d, using cannabis 

(due to cannabis-induced alterations to appetite) and taking any vitamin, mineral, 

dietary, probiotic, natural, herbal (including herbal tea) or sports supplement. 

 

▪ Provided with instructions on proper collection methods and given material to collect 

your stool samples at home. You will need to collect a very small quantity of stool 

samples (2 tubes of 10 mL each) at two points during this study, at the beginning and at 

the end of the study. You will need to bring your frozen stool samples to our research 

facility at both of your experimental sessions.  

 

Following the 7-day run-in period, an appointment for your first experimental session at the 

BMRU will be scheduled. The baseline experimental session marks the beginning of the 3-week 

study. You must bring your first frozen stool sample for this session.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IT IS IMPORTANT THAT YOU… 

Do not consume alcoholic beverages or use cannabis the day before the 

experimental session. 

Eat the standardized meal that will be provided to you for your supper on the 

evening before the experimental session.  

Do not eat or drink anything except water and do not engage in exercise/sport 

before the experimental session starting 12 hours before your scheduled 

appointment time.  

Do not use nonsteroidal anti-inflammatory drugs (such as ibuprofen Advil™ or 

Diclofenac diethylamine (Voltaren™ topical gel)) for 24h prior to the experimental 

session (acetaminophen can be used if necessary Tylenol™). 
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FIRST EXPERIMENTAL SESSION 

 

You will be asked to come to the laboratory at ~8h00 AM after a 12-h overnight fast. You will 

need to bring your first frozen stool sample for this session. The following tests will occur during 

the first experimental session, that is right before the beginning of the study, and will be 

repeated 3 weeks later during the second experimental session, that is at the very end of the 

study. Each experimental session will be of a duration of 3h00. Please wear a t-shirt/short 

sleeve shirt and comfortable clothing. 

 

Tests and Procedures: 

• Body measurements: Your height, weight, and waist circumference will be measured 

using a measuring tape (wearing a hospital gown without shoes). 

 

• Blood pressure: Your blood pressure will be measured using an automatic 

sphygmomanometer, the same kind of equipment used by family physician.  

 

• Body composition: The composition of your body (bone density, lean and fat body 

mass) will be measured using dual energy X-ray absorptiometry (DEXA). You will lie on 

a padded table while a low-intensity X-ray tube scans your entire body for 5 to 10 

minutes. The radiation level for each DEXA scan is lower than what you would be 

exposed to during a transcontinental airplane flight. 

 

• Food questionnaires: You will be asked to fill out two online questionnaires about your 

dietary habits and your relationship with food cravings. This should take about 15 

minutes. If possible, please bring your smartphone as the questionnaires can be 

accessed using a QR code. 

 

• Blood samples: Blood samples will be collected through a catheter. You will have an 

intravenous line placed in a vein in your forearm by a certified phlebotomy technician. 

More precisely, a needle will be inserted into a vein in your arm through which a small, 

flexible plastic tubing (catheter) is placed. The needle will be removed leaving the tubing 

taped in place. This tubing will allow us to collect small blood samples throughout the 

procedures without multiple venous punctures. A fasting blood sample will be drawn (2 

samples of 6mL). Then, you will be given 5 minutes to drink a measured dose of sugar 

solution (75g of glucose). Blood draws (2 samples of 6mL) will be collected at 30, 60, 90 

and 120 min following the ingestion of the solution to measure your blood glucose 

concentrations and your body’s sensitivity to insulin (a hormone naturally produced by 

your body). A total of ~60mL of blood will be collected for this procedure, which is a 

minimal amount. In comparison, a regular blood donation is around 470mL of blood. 

 

You will leave the first experimental session with a 1-week supply of study beverages. 
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Study beverages and Dietary Protocol: 

 

For 3 weeks, you will drink study beverages. These beverages will be provided to you as 3 

servings/day, approximately 1 cup (250 mL)/serving, and are to be consumed one at each meal. 

You will be provided with either 100% natural fruit juice or flavored beverages that contain sugar 

or sucralose which is low-calorie sweetener branded under the name of Splenda™ and used in 

several diet beverages available on the market. The beverage that you get will be chosen by 

chance, like flipping a coin. Neither you nor the researcher will choose what beverage type you 

get. You will be informed which beverage you received only at the end of the study. In order for 

this study to produce scientifically useful information, it is necessary that you consume all of the 

beverages provided each day for the 3 weeks of the study.  

 

In addition to consuming study beverages daily, you will be required to comply to the following 

dietary protocol : For the duration of the 3-week study, you will be asked to maintain your 

usual diet while refraining from consuming sugar-sweetened beverages, fruit juices and foods 

and beverages that contain low-calorie sweeteners other than the study beverages provided 

by our research team (a list of specific foods and beverages to avoid during the study will be 

provided to you). In addition, you will be asked to refrain from drinking more than 2 alcoholic 

beverages/d, using cannabis (as cannabis affects some of the variables measured in this study) 

and taking any vitamin, mineral, dietary, probiotic, natural, herbal (including herbal tea) or sports 

supplement. At any time during the study, you may request to meet in person with the registered 

dietitian if you have any questions or if you are experiencing difficulties with the dietary protocol.  

 

 

WEEKLY VISITS 

 

Each week, you will need to schedule a 20-minute visit to pick up your weekly supply of 

beverages and return your used beverage bottles at the BMRU (total of 2 visits). You will 

receive 7 frozen bottles of study beverages (1 bottle per day to be consumed in 3 doses with 

meals) in a cooler bag, which you will keep at home in your refrigerator to defrost. It is important 

that you do not wash or rinse the containers as they must be weighed by our research staff 

beforehand. At each pick-up/return visit, you will be asked to fill out a brief online questionnaire 

(10 questions) on cravings for savory and sweet foods and beverages.  

 

 

SECOND EXPERIMENTAL SESSION 

 

On the last day of the 3-week study, an appointment for your second experimental session will 

be scheduled. The post-intervention experimental session marks the end of the 3-week study. 

You will be asked to bring your second stool sample for this session. 
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You will be asked to come to the laboratory at ~8h00 AM after a 12-h overnight fast. The same 

tests and procedures that occurred during your first experimental session will be repeated. This 

session will be of a duration of 3h00. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What are my responsibilities if I take part in this research? 

If you take part in this research, you will be responsible for: 

 

• Consuming the beverages (1 bottle per day) provided by our research unit as required 

for 3 weeks (21 days). 

• Follow the dietary instructions provided to you for the entire duration of the run-in period 

and the study, i.e. refraining from consuming sweetened beverages, fruit juices and 

foods and beverages containing low-calorie sweeteners other than the study beverages 

provided by our research team for the entire duration of this study. 

• Picking up, once a week, new supplies of your study beverages at the BMRU. 

• Returning all beverage bottles to our research unit on a weekly basis. It is important that 

you do not wash or rinse the containers as they must be weighed by our research staff 

beforehand. 

• Reporting any deviations from the dietary protocol to the Primary Investigator. 

• Participating in the study procedures and showing up on time to appointments. If you fail 

to keep your appointments for beverage pickup/return and do not make other 

arrangements in time to allow for uninterrupted study as required by the protocol, you 

will unfortunately be dismissed from the study. 

 

All provided study supplies and materials are property of the Behavioral and Metabolic 

Research Unit (BMRU) of the University of Ottawa and it is your responsibility to return them 

upon completion of the study. 

 

 

IT IS IMPORTANT THAT YOU… 

Do not consume alcoholic beverages or use cannabis the day before the 

experimental session. 

Eat the standardized meal that will be provided to you for your supper on the 

evening before the experimental session.  

Do not eat or drink anything except water and do not engage in exercise/sport 

before the experimental session starting 12 hours before your scheduled 

appointment time.  

Do not use nonsteroidal anti-inflammatory drugs (such as ibuprofen Advil™ or 

Diclofenac diethylamine (Voltaren™ topical gel)) for 24h prior to the experimental 

session (acetaminophen can be used if necessary Tylenol™). 
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What happens if I say yes, but I change my mind later? 

It is your right to leave the research at any time without any consequences.  

 

Is there any discomforts and risks that could occur if I participate in this study? 

 

Study beverages and Dietary Protocol: During the 7-day run-in period and the 3 weeks of this 

study, you will receive specific dietary instructions to follow. This study will require you to 

exclude most of sugars and low-calorie sweeteners from your diet with the exception of the 

study beverages that will be provided to you. We ask you to consider carefully whether this 

restriction is one that you can accommodate. You may experience gastrointestinal discomforts 

due to changes in your normal eating habits. If you do experience significant uncomfortable 

symptoms, please do not hesitate to discuss them with our research staff.  

 

Body weight: Minimal weight variations may occur due to changes in normal eating habits over 

the course of 3 weeks. You may request to meet with the study registered dietitian for 

counseling if they do not return to your original body weight within one month after the study. 

 

Catheter: Sometimes proper insertion of the catheter is not accomplished on the first attempt 

and additional insertion attempts are required. The insertion of the catheter will cause temporary 

discomfort and may cause bruising. The certified phlebotomy technician will need to flush the 

catheter line with saline solution in order to be able to draw blood. It is possible that flushing the 

catheter line may cause some discomfort at the area where the catheter is inserted. Blood 

sampling poses low risks ranging from simple redness of the skin to a local inflammation of the 

vein. 

 

Radiological risks (DEXA scan): This study involves a low radiation exposure that is less than 

other diagnostic tests using ionizing radiation (for example, X-rays of a bone fracture). The 

radiation exposure received in this study is below levels that result in a significant health risk. 

Over the course of this study, you will go through 3 DEXA scans. The radiation level for each 

DEXA scan is lower than what you would be exposed to during a transcontinental airplane flight. 

 

Will being in this study help me in any way? 

 

You will receive your body composition (DEXA) results and your estimated daily energy 

expenditure results free of charge. This information could be used to estimate the risk of 

developing health problems. You will also receive training on how to read and understand 

nutrition labels. Moreover, the results from this study will provide essential knowledge that may 

have a positive impact on the development of public health guidelines by clarifying the effects of 

natural sugars, refined sugars and low-calorie sweeteners consumption on intestinal health and 

risk factors for cardiovascular and metabolic diseases in the Canadian population. 

 

 

 

 



 

176 
 

Is there a financial compensation to take part in this study? 

 

To thank you for your contribution to the research project, you will be given the option to enter 

your name in a draw to win an iPad Air (256GB) including AppleCare+ valued at 979$ + tx.  

 

The draw is open to all research participants who enter their name in the draw, regardless of 

whether they decide to withdraw from further participating in the research project. Participants 

who enroll in the study will receive 1 participation coupon at the end of the preliminary session. 

A second participation coupon will be given to participants who complete the first experimental 

session. In addition, participants will be given 2 participation coupons for every week completed 

of the 3-week study. Finally, participants who complete the study will be given an additional 12 

participation coupons on the day of their second experimental session. Each participant can 

thus cumulate a maximum of 20 coupons to participate in the draw upon completion of all the 

stages of study. At the end of the full study data collection, a name will be randomly selected 

amongst those who have entered and the person whose name is drawn will be informed by 

email and/or telephone.  To win the prize, the person must correctly answer a skill-testing 

question.  If the person cannot be reached within 14 days from the date of the draw, the prize 

will be awarded to the second name that is randomly selected and so on until the prize has 

been awarded.  The odds of winning a prize are approximately 1/42. The prize must be 

accepted as awarded or forfeited and cannot be redeemed for cash. Your name and contact 

information that you will provide when entering the draw will be collected for the purposes of 

contacting the participant selected in the draw.  Participants’ name and contact information will 

be kept confidential and then destroyed once the prize has been awarded.  

 

Confidentiality, Anonymity & Conservation of Data: What happens to the information 

collected to the research? 

 

In order to guarantee confidentiality and anonymity, all precautions and necessary measures 

will be taken to ensure that your results and personal information are kept under the strictest of 

confidentiality. 

 

• Only the primary investigator (Alexandra Pepin, registered dietitian. PhD candidate) and 

her thesis supervisor (Pascal Imbeault, PhD.) will have access to your personal 

information and results. Any other individuals involved in the study will not have access 

to your personal information and/or results. 

• Your name will not appear on any reports. A unique number code will be used to identify 

you on all research documents.  

• All material and information which can be linked to you will not be made public and will 

be kept under the strictest confidentiality. 

• You will not be identified in any way in publications or reports.   

• The data collected will be kept in a locked cabinet in our research facility with restricted 

access where all participants’ folders are kept. In addition, the computer files will be 

protected by a password.   
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• Following measurements of metabolic parameters in blood samples by a laboratory 

technician from our research team, remaining blood samples will be placed in biohazard 

waste containers. The discarded samples will then be collected and destroyed according 

to the biosafety guidelines of the office of the risk management of the University of 

Ottawa. 

• The measurements of gut microbiota composition will be done by Dr. Krista Power’s 

team, one of our collaborators at the School of Nutrition Sciences of the University of 

Ottawa, using methods routinely performed by her group. Only the coded stool samples 

will be transferred to Dr. Power‘s laboratory. It will not be possible for lab technicians to 

identify participants with the codes. Once the analyses are completed, the discarded 

stool samples will be destroyed. 

• Data will be destroyed five years after publication of study results. 
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During the course of the research, we will collect blood and stool samples. As the complex 

relationship between nutrition and the intestinal microbiota is a very new and rapidly evolving 

area of research, we would like to retain some of the remaining samples for future research 

purposes. The remaining of your blood and stool samples could be used for the analysis of new 

markers that will be discovered in the coming years. If you agree, these biological specimens 

will be stored in the laboratory of Dr. Pascal Imbeault and retained for up to 10 years. Only 

Pascal Imbeault’s study staff will have access to the specimens. Paper copies of some of your 

data will be stored in your participant file, located in a locked cabinet in a locked office. All 

information about your identity will be removed from the participant file 5 years after publication 

of the study results. Electronic copies of data will not contain information about your identity and 

will be stored on a secure server for up to 10 years. 

 

If you agree that we keep some of your remaining biological specimens for future research 

purposes, they will become the property of the University of Ottawa. The specimens may be 

used in this study or other related studies and may be shared with other institutions (for 

example, to measure a blood parameter for which we do not have the necessary equipment). 

Under no circumstances will the specimens be used for DNA or RNA research. 

 
 
If you agree to share all or part of the biological specimen(s) collected from you, please 
check the corresponding boxes and initial below. 
 

☐  Blood samples 

☐  Stool samples 

 
 
 
 
 
 
 
 
 
 
If you do not agree to share any of the biological specimen(s) collected from you for future 
research purposes, please initial below.  

 

 

I do not agree to share biological specimen(s) collected from me : 

 

Your initials: _________________ 

 

 

  

I agree to share biological specimen(s) collected from me : 

 

Your initials: _________________ 
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VOLUNTARY PARTICIPATION 

 

I am under no obligation to participate and if I choose to participate, I can withdraw from the 

study at any time and/or refuse to answer any questions, without suffering any negative 

consequences. If I withdraw from the study, my data can only be used if I give permission. At any 

moment during this study, my best interests will always prevail upon the objectives of the study. 

I will be made aware of new findings that might influence my decision to take part in the present 

study. 

 

Acceptance: I, ____________________________________________ , agree to participate in 

the above research study conducted by Alexandra Pepin of the School of Human Kinetics, 

Faculty of Health Sciences, University of Ottawa, which research is under the supervision of 

Professor Pascal Imbeault, PhD. 

 

If I have any questions about the study, I may contact the researcher or her supervisor (contact 

information on page 1). 

 

If I have any questions regarding the ethical conduct of this study, I may contact the Protocol 

Officer for Ethics in Research of the Office of Research Ethics and Integrity of the University of 

Ottawa. Tabaret Hall, 550 Cumberland Street, Room 154, Ottawa, ON K1N 6N5 

Tel.: (613) 562-5387 Email: ethics@uottawa.ca  

 

There are two copies of the consent form, one of which is mine to keep. 

 

 

 

 

________________________________________                       _____________________                    

Signature of participant                                                               Date 

 

 

________________________________________ 

Printed name of participant 

 

 

 

 

________________________________________                       _____________________                    

Signature of person obtaining consent                                          Date 

 

 

________________________________________ 

Printed name of person obtaining consent 

 

mailto:ethics@uottawa.ca
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Université d’Ottawa     |     University of Ottawa 

Faculté des Sciences de la Santé  |  Faculty of Health Sciences  

École des Sciences de l’Activité Physique  |  School of Human Kinetics 

 

 

FORUMULAIRE DE CONSENTEMENT 

 

Les Effets Métaboliques des Sucres Naturels, des Sucres Raffinés et des Édulcorants. 

 

 

Chercheuse (Investigatrice Principale): 

Alexandra Pepin, Dt.P., candidate PhD. 

alexandra.pepin@uottawa.ca  ;  (613) 562-5800 ext. 2655 

 

Superviseur de thèse: 

Pascal Imbeault, PhD.  

imbeault@uottawa.ca  ;  (613) 562-5800 ext. 7290  

 

Faculté des Sciences de la Santé, Université d’Ottawa 

École des Sciences de l’Activité Physique, 

Unité de Recherche sur le Comportement et le Métabolisme (URCM/BMRU) 

 

 

 

Pourquoi suis-je invité à participer à une étude de recherche ? 

 

Nous vous invitons à participer à une étude de recherche menée par Alexandra Pepin, 

candidate au doctorat à l'Unité de Recherche sur le Comportement et le Métabolisme de 

l'Université d'Ottawa parce que vous avez répondu à une entrevue de sélection téléphonique et 

que vous... 

 

Êtes âgés de 18 à 35 ans 

Êtes non-fumeurs (incluant les vapoteuses i.e. vaping) 

Rapporté un poids corporel stable au cours des 6 mois précédents 

N’êtes pas atteint de diabète ou de troubles hépatiques, rénaux ou thyroïdiens, ou ne prenez 

pas de médicaments hypolipidémiques, hypoglycémiants, antihypertenseurs ou 

antidépresseurs. 

 

 

 

mailto:alexandra.pepin@uottawa.ca
mailto:imbeault@uottawa.ca
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Objectif de la recherche : Pourquoi cette recherche est-elle effectuée? 

 

Nous espérons en apprendre davantage sur les effets associés à la consommation de jus de 

fruits naturels, de boissons sucrées et de boissons contenant des édulcorants (substituts du 

sucre) sur vos concentrations sanguines de glucose, la sensibilité de votre corps à l'insuline 

(une hormone naturellement produite par votre corps) et vos marqueurs d'inflammation dans le 

sang. Ce projet est unique, car nous espérons également en apprendre davantage sur les effets 

de ces différents sucres et substituts de sucre sur votre santé intestinale et votre microbiote 

intestinal. 

 

Quelle sera la durée de l’étude? 

Votre participation à ce projet de recherche sera d’une durée d’environ 28 jours, incluant une 

période préparatoire (‘’ run-in ‘’) de 7 jours et 21 jours d’intervention.  

 

Combien d’individus seront étudiés? 

Nous prévoyons étudier environ 40 individus, incluant des femmes et des hommes.  

 

À qui puis-je parler? 

 

Si vous avez des questions ou des préoccupations, vous pouvez vous adresser à l'équipe de 

recherche : 

 

Chercheuse (Investigatrice Principale): 

Alexandra Pepin, Dt.P., candidate PhD. 

alexandra.pepin@uottawa.ca ;  (613) 562-5800 ext. 2655 

 

Superviseur de thèse: 

Pascal Imbeault, PhD.  

imbeault@uottawa.ca   ;  (613) 562-5800 ext. 7290  

 

 

Que se passe-t-il si je souhaite participer à cette étude? 

 

Durant une session préliminaire (comportant une entrevue de sélection en personne), nous 

vous expliquerons en détail en quoi consiste ce projet de recherche, notamment : la nature et le 

but de l'étude, les procédures à suivre, les inconforts et les risques pouvant survenir et les 

avantages que vous pourriez retirer de cette étude.  

 

Il vous appartient de décider si vous voulez y participer ou non.  

Vous pouvez accepter de participer maintenant et changer d'avis plus tard. 

Vous pouvez poser toutes les questions que vous désirez avant de prendre votre décision. 

Si vous acceptez de participer, une copie signée et datée de ce document vous sera remise. 

 

 

mailto:alexandra.pepin@uottawa.ca
mailto:imbeault@uottawa.ca
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Vous devrez passer les tests et procédures de ‘’ présélection en personne ‘’ suivants afin de 

déterminer si vous êtes éligible à participer à l'étude. Pour que ces tests soient valides, il vous 

faudra suivre les directives nutritionnelles suivantes : 

 

 

 

 

 

 

 

 

Les tests se dérouleront à l’Unité de Recherche sur le Comportement et le Métabolisme 

(URCM) situé sur le campus Lees de l'Université d'Ottawa et seront d’une durée totale de 75 

minutes. 

 

• Mesures corporelles : Votre taille, votre poids, votre tour de taille seront mesurés à 

l’aide d’un ruban à mesurer (portant une blouse d'hôpital sans chaussures). 

• Tension artérielle : Votre tension artérielle sera mesurée à l'aide d'un 

sphygmomanomètre automatique, le même type d'équipement utilisé par les médecins 

de famille.  Veuillez porter un chandail à manches courtes. 

• Glycémie à jeun : Votre glycémie à jeun sera mesurée à l'aide d'un glucomètre avec 

une goutte de sang capillaire prélevée sur le bout de votre doigt. Cette méthode est celle 

utilisée plusieurs fois par jour par les personnes diabétiques. 

• Questionnaires sur l'alimentation : Il vous sera demandé de remplir deux 

questionnaires sur vos habitudes alimentaires et sur votre relation avec l’alimentation et 

les envies alimentaires (‘’ food cravings ‘’). Si possible, veuillez apporter votre téléphone 

intelligent puisque les questionnaires sont accessibles à l’aide d’un code QR. 

 

Si les tests et procédures de sélection montrent que vous pouvez participer à l'étude, et que 

vous choisissez et êtes sélectionné pour y participer, vous serez invité à rester au laboratoire 

pour continuer la session préliminaire. 

 

 

SESSION PRÉLIMINAIRE 

 

 

Au cours de la deuxième partie de la session préliminaire (60 minutes / tests et procédures), 

vous serez invité à remplir un bref questionnaire sur vos habitudes alimentaires et sur votre 

relation avec l’alimentation et les envies alimentaires (‘’ food cravings ‘’). Ensuite, votre 

composition corporelle et votre taux métabolique au repos seront mesurés. Ces deux 

procédures sont détaillées ci-dessous. Pour que les tests soient valides, il est important que 

vous... 

 

 

Ne consommez pas de boissons alcoolisées ou de cannabis la veille de votre 

séance préliminaire. 

 

Ne mangez et ne buvez rien d'autre que de l'eau et ne faites pas d'exercice ou 

de sport 12 heures avant l'heure prévue de votre rendez-vous. 
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• Taux métabolique au repos (RMR) : Vos besoins énergétiques quotidiens seront 

déterminés en mesurant la quantité d'oxygène et de dioxyde de carbone dans l'air que 

vous inspirez et expirez (calorimétrie indirecte). Pour ce faire, vous porterez un masque 

qui couvre votre nez et votre bouche et on vous demandera de rester éveillé, immobile, 

en position semi-couchée pendant environ 30 minutes.  

 

 

Lors de la troisième partie de la session préliminaire (30 minutes / session d'information), vous 

recevrez des informations essentielles pour vous préparer à votre participation à l'étude. La 

première chose que vous devez savoir est que cette étude de 4 semaines est précédée d'une 

période préparatoire (‘’ run-in ‘’) de 7 jours servant à s'assurer que vous êtes à l'aise avec le 

protocole nutritionnel de l'étude et à ‘’ réinitialiser ‘’ votre microbiote intestinal pour l’étude. Au 

cours de cette session, vous... 

 

▪ Recevrez des directives nutritionnelles spécifiques à suivre pendant la période 

préparatoire de 7 jours. Plus précisément, il vous sera demandé de maintenir vos 

habitudes alimentaires quotidiennes tout en vous abstenant de consommer des 

boissons qui contiennent des sucres ajoutés, des jus de fruits ainsi que des aliments et 

boissons qui contiennent des édulcorants (substituts de sucre) (une liste détaillée des 

aliments et des boissons à éviter vous sera fournie). Vous recevrez également une 

formation de la chercheuse principale de l’étude, qui est également une diététiste 

professionnelle, sur la manière de lire et de comprendre les étiquettes nutritionnelles. 

Finalement, il vous sera demandé de vous abstenir de boire plus de 2 boissons 

alcoolisées par jour, de consommer du cannabis et de prendre tout supplément 

vitaminique, minéral, nutritionnel, probiotique, naturel, herbal/à base de plantes (incluant 

la tisane) ou pour sportifs.  

 

▪ Recevrez des instructions sur les méthodes de collecte appropriées ainsi que le matériel 

nécessaire pour prélever vos échantillons de selles à la maison. Vous devrez collecter 

une très petite quantité d'échantillons de selles (2 tubes de 10 mL chacun) à deux 

moments au cours de cette étude, soit au début et à la fin de l'étude. Vous devrez 

apporter vos échantillons de selles congelés à notre unité de recherche lors de vos deux 

sessions expérimentales. 

 

 

Ne consommez pas de boissons alcoolisées ou de cannabis la veille de votre 

séance préliminaire. 

 

Ne mangez et ne buvez rien 'autre que de l'eau et ne faites pas d'exercice ou de 

sport 12 heures avant l'heure prévue de votre rendez-vous. 
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Après la période préparatoire de 7 jours, un rendez-vous sera fixé pour votre première session 

expérimentale à l’URCM. La session expérimentale de base marque le début de l'étude de 3 

semaines. Vous devez apporter votre premier échantillon de selles congelées pour cette 

session. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PREMIÈRE SESSION EXPÉRIMENTALE 

 

Vous devrez vous rendre à jeun au laboratoire à ~8h00am. Vous devrez apporter votre premier 

échantillon de selles congelées pour cette session. Les tests suivants auront lieu pendant la 

première session expérimentale, c'est-à-dire juste avant le début de l'étude, et seront répétés 3 

semaines plus tard pendant la deuxième session expérimentale, c'est-à-dire à la toute fin de 

l'étude. Chaque session expérimentale aura une durée de 3h00. Veuillez porter un chandail à 

manches courtes et des vêtements confortables.  

 

Tests et Procédures : 

 

• Mesures corporelles : Votre taille, votre poids, votre tour de taille seront mesurés à 

l’aide d’un ruban à mesurer (portant une blouse d'hôpital sans chaussures). 

 

• Tension artérielle : Votre tension artérielle sera mesurée à l'aide d'un 

sphygmomanomètre automatique, le même type d'équipement utilisé par les médecins 

de famille.  

 

• Composition corporelle : La composition de votre corps (densité osseuse, masse 

corporelle maigre et masse adipeuse (grasse)) sera mesurée par absorptiométrie 

biphotonique à rayons X (DEXA). Vous serez allongé sur une table coussinée, vêtu 

d'une blouse d'hôpital, tandis qu'un tube à rayons X de faible intensité scannera votre 

corps entier pendant 5 à 10 minutes. Le niveau de radiation pour chaque procédure 

IL EST IMPORTANT QUE VOUS… 

Ne consommiez pas de boissons alcoolisées ni de cannabis la veille de votre 

session expérimentale. 

Mangez le repas standardisé qui vous sera fourni pour votre souper le soir 

précédant la session expérimentale. 

Ne mangez et ne buvez rien d'autre que de l'eau et ne faites pas d'exercice ou 

de sport 12 heures avant l'heure prévue de votre rendez-vous. 

Ne pas utiliser d'anti-inflammatoires non stéroïdiens (comme l'ibuprofène Advil™ 
ou du Diclofenac diethylamine (Voltaren™ gel topique)) pendant les 24h précédant la 

session expérimentale (l'acétaminophène peut être utilisé si nécessaire Tylenol™). 
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DEXA est inférieur à celui dont vous seriez exposé durant un vol transcontinental en 

avion. 

 

• Questionnaires sur l'alimentation : Il vous sera demandé de remplir deux 

questionnaires sur vos habitudes alimentaires et sur votre relation avec l’alimentation et 

les envies alimentaires (‘’ food cravings ‘’). Si possible, veuillez apporter votre téléphone 

intelligent puisque les questionnaires sont accessibles à l’aide d’un code QR. 

 

• Prélèvements de sang : Les échantillons de sang seront prélevés au moyen d'un 

cathéter. Un technicien certifié en phlébotomie placera une ligne intraveineuse dans une 

veine de votre avant-bras. Plus précisément, une aiguille sera insérée dans une veine 

de votre avant-bras par laquelle un petit tube en plastique souple (cathéter) sera placé. 

L'aiguille sera retirée, laissant le tube en place. Ce tube nous permettra de prélever de 

petits échantillons de sang tout au long de la procédure sans avoir à effectuer de 

multiples ponctions veineuses. Un échantillon de sang à jeun sera prélevé (2 

échantillons de 6mL). Ensuite, vous aurez 5 minutes pour boire une dose mesurée d’une 

solution sucrée (75g de glucose). Des prélèvements sanguins (2 échantillons de 6mL) 

seront effectués à 30, 60, 90 et 120 min après l'ingestion de la solution afin de mesurer 

vos concentrations sanguines de glucose et la sensibilité de votre corps à l'insuline (une 

hormone naturellement produite par votre corps). Un total de ~60mL de sang sera 

prélevé pour cette procédure, ce qui représente une quantité minime. En comparaison, 

un don de sang régulier représente ~470mL de sang. 

 

 

Vous quitterez la première session expérimentale avec un approvisionnement d'une 

semaine en boissons d’intervention. 

 

Boissons d’intervention et Protocole nutritionnel : 

 

Pendant 3 semaines, vous boirez les boissons d’intervention. Ces boissons vous seront 

fournies à titre de 3 portions par jour, soit environ 1 tasse (250 ml) par portion, et devront être 

consommées avec les repas. Vous recevrez soit des jus de fruits 100 % naturels, soit des 

boissons aromatisées contenant du sucre ou du sucralose, un édulcorant (substitut de sucre) 

commercialisé sous le nom de Splenda™ et utilisé dans plusieurs boissons diète/zéro calorie 

disponibles sur le marché. La boisson que vous recevrez sera choisie au hasard. Ni vous ni la 

chercheuse principale ne choisirez le type de boisson que vous recevrez. Vous ne serez 

informé de la boisson que vous avez reçue qu'à la fin de l'étude. Pour que cette étude produise 

des informations scientifiquement utiles, il est nécessaire que vous consommiez toutes les 

boissons d’intervention fournies chaque jour pendant les 3 semaines de l'étude.  

 

En plus de consommer les boissons d’intervention quotidiennement, il vous sera demandé de 

respecter le protocole nutritionnel suivant : Pendant les 3 semaines de l’étude, il vous sera 

demandé de maintenir vos habitudes alimentaires quotidiennes tout en vous abstenant de 

consommer des boissons qui contiennent des sucres ajoutés, des jus de fruits ainsi que des 
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aliments et boissons qui contiennent des édulcorants (substituts de sucre) (une liste détaillée 

des aliments et des boissons à éviter vous sera fournie). Il vous sera également demandé de 

vous abstenir de boire plus de 2 boissons alcoolisées par jour, de consommer du cannabis (car 

le cannabis affecte certaines des variables mesurées) et de prendre tout supplément 

vitaminique, minéral, nutritionnel, probiotique, naturel, herbal/à base de plantes (incluant la 

tisane) ou pour sportifs. À tout moment durant l'étude, vous pouvez demander à rencontrer en 

personne la diététiste professionnelle si vous avez des questions ou si vous rencontrez des 

difficultés avec le protocole nutritionnel. 

 

 

VISITES HEBDOMADAIRES 

 

Chaque semaine, vous devrez prévoir une visite de 20 minutes pour venir chercher votre 

approvisionnement hebdomadaire en boissons d’intervention et rapporter vos bouteilles de 

boissons utilisées à l'URCM (2 visites au total). Vous recevrez 7 bouteilles de boissons 

d’intervention congelées (1 bouteille par jour à consommer en 3 doses avec les repas) dans un 

sac réfrigérant, que vous garderez à la maison dans votre réfrigérateur pour les décongeler.  

Il est important de ne pas laver ni rincer les bouteilles utilisées, car celles-ci doivent être pesées 

au préalable par notre personnel de recherche. Lors de chacune de vos visites hebdomadaires, 

vous serez invité à remplir un bref questionnaire en ligne (10 questions) sur les envies (‘’ 

cravings ‘’) d'aliments et de boissons sucrés et salés.  

 

 

DEUXIÈME SESSION EXPÉRIMENTALE 

 

Le dernier jour de l'étude de 3 semaines, un rendez-vous pour votre deuxième session 

expérimentale sera fixé. La session expérimentale post-intervention marque la fin de l'étude de 

3 semaines. Il vous sera demandé d'apporter votre deuxième échantillon de selles pour cette 

session. Vous serez invité à vous rendre au laboratoire à jeun à ~7h30am. Les mêmes tests et 

procédures qui ont eu lieu lors de votre première session expérimentale seront répétés. Cette 

session sera d'une durée de 3h00. 

 

 

 

 

 

 

 

 

 

 

 

Quelles sont mes responsabilités si je participe à cette étude? 

Si vous participez à cette étude, vous serez responsable de : 

IL EST IMPORTANT QUE VOUS… 

Ne consommiez pas de boissons alcoolisées ni de cannabis la veille de votre 

session expérimentale. 

Mangez le repas standardisé qui vous sera fourni pour votre souper le soir 

précédant la session expérimentale. 

Ne mangez et ne buvez rien d'autre que de l'eau et ne faites pas d'exercice ou 

de sport 12 heures avant l'heure prévue de votre rendez-vous. 

Ne pas utiliser d'anti-inflammatoires non stéroïdiens (comme l'ibuprofène Advil™ 

ou du Diclofenac diethylamine (Voltaren™ gel topique)) pendant les 24h précédant la 

session expérimentale (l'acétaminophène peut être utilisé si nécessaire Tylenol™). 
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• Consommer les boissons (1 bouteille par jour) qui vous seront fournies par notre unité 

de recherche tel que demandé pendant 3 semaines (21 jours). 

• Suivre les directives nutritionnelles qui vous seront indiquées pour la durée complète de 

la période préparatoire et de l'étude, i.e. s’abstenir de consommer des boissons qui 

contiennent des sucres ajoutés, des jus de fruits ainsi que des aliments et des boissons 

qui contiennent des édulcorants autres que les boissons d'intervention qui vous seront 

fournies par notre unité de recherche pendant toute la durée de cette étude.  

• Récupérer, une fois par semaine, votre approvisionnement de boissons d’intervention à 

l’URCM. 

• Assurer le retour de toutes les bouteilles de boissons d’intervention chaque semaine à 

notre unité de recherche. Il est important de ne pas laver ou rincer les bouteilles, car 

celles-ci doivent être pesées au préalable par notre personnel de recherche. 

• Signaler à la chercheuse principale tout écart au protocole nutritionnel qui aurait pu 

survenir. 

• Participer aux tests et procédures de l’étude et se présenter à l’heure convenue aux 

rendez-vous. Si vous ne vous présentez pas à vos rendez-vous pour 

récupérer/retourner vos boissons d’intervention et ne prenez pas d'autres dispositions à 

temps pour permettre une étude ininterrompue, comme l'exige le protocole, vous serez 

malheureusement renvoyé de l'étude. 

 

Tout matériel d'étude fourni est la propriété de l'Unité de Recherche sur le Comportement et le 

Métabolisme (URCM) de l'Université d'Ottawa et il est de votre responsabilité de les retourner 

une fois l’étude terminée.  

 

 

 

Que se passe-t-il si je dis oui, mais que je change d'avis plus tard ? 

Vous avez le droit de quitter la recherche à tout moment, sans aucune conséquence. 

 

 

Y’a-t-il des inconforts ou des risques qui pourraient survenir si je participe à cette étude?  

 

Boissons d’intervention et Protocole nutritionnel : Pendant la période préparatoire de 7 

jours et les 3 semaines de cette étude, vous recevrez des directives nutritionnelles spécifiques 

à suivre. Dans le cadre de cette étude, vous devrez exclure la plupart des sucres et des 

édulcorants de votre alimentation, à l'exception des boissons de l'étude qui vous seront 

fournies. Nous vous demandons de considérer attentivement si vous êtes en mesure de 

respecter cette restriction. Vous pourriez ressentir des inconforts gastro-intestinaux dus aux 

changements dans vos habitudes alimentaires normales. Si vous ressentez des symptômes 

inconfortables importants, n'hésitez pas à en discuter avec notre personnel de recherche. 

 

Variation du poids corporel : Des variations minimes du poids corporel peuvent survenir en 

raison des changements dans les habitudes alimentaires au cours des 3 semaines de l’étude. 
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Vous pouvez demander à rencontrer la diététiste de l'étude pour recevoir des conseils si vous 

ne retrouvez pas votre poids initial dans le mois suivant la complétion l'étude. 

 

Cathéter : Il arrive que l'insertion appropriée du cathéter ne soit pas réalisée du premier coup et 

que des tentatives d'insertion supplémentaires soient requises. L'insertion du cathéter provoque 

un inconfort temporaire et peut provoquer des ecchymoses. Le technicien certifié en 

phlébotomie devra rincer la ligne du cathéter avec une solution saline afin de pouvoir prélever 

du sang. Il est possible que le rinçage de la ligne du cathéter puisse causer un certain inconfort 

à l'endroit où le cathéter est inséré. Les prélèvements sanguins présentent de faibles risques 

allant d'une simple rougeur de la peau à une inflammation locale de la veine. 

 

Risques radiologiques (scan DEXA) : Cette étude implique une faible exposition aux rayons 

X, inférieure à celle des autres tests de diagnostic utilisant des rayonnements ionisants (par 

exemple, des radiographies d’une fracture d’un os). L'exposition aux rayonnements reçue dans 

cette étude est inférieure aux niveaux qui entraînent un risque significatif pour la santé. Au 

cours de cette étude, vous passerez 3 numérisations DEXA. Le niveau de radiation pour 

chaque numérisation DEXA est inférieur à celui auquel vous seriez exposé lors d'un vol 

transcontinental en avion. 

 

 

Le fait de participer à cette étude m'aidera-t-il d'une manière ou d'une autre ? 

 

Vous recevrez gratuitement les résultats de votre composition corporelle (DEXA) et les résultats 

de votre estimation de la dépense énergétique quotidienne. Ces informations pourraient être 

utilisées pour estimer le risque de développer des problèmes de santé. Vous recevrez aussi 

une formation sur l’analyse des étiquettes nutritionnelles dispensée par la diététiste 

professionnelle de l'étude. Également, les résultats de cette étude fourniront des connaissances 

essentielles qui pourraient avoir un impact positif sur l'élaboration de lignes directrices en 

matière de santé publique en clarifiant les effets de la consommation de sucres naturels, de 

sucres raffinés et d'édulcorants sur la santé intestinale et les facteurs de risque de maladies 

cardiovasculaires et métaboliques dans la population canadienne. 

 

 

 

Y a-t-il une compensation financière pour participer à cette étude ? 

 

Afin de vous remercier de votre contribution au projet de recherche, vous aurez la possibilité de 

participer à un tirage au sort pour gagner un iPad Air (256GB) comprenant AppleCare+ d'une 

valeur totale de 979$ + tx.  

 

 

Le tirage au sort est ouvert à tous les participants d’étude qui s'inscrivent au tirage, qu'ils 

décident ou non de se retirer de leur participation au projet de recherche. Les participants qui 

s'inscrivent à l'étude recevront 1 coupon de participation au tirage à la fin de la session 
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préliminaire. Un deuxième coupon de participation au tirage sera remis aux participants qui 

auront terminé la première session expérimentale. De plus, les participants recevront 2 coupons 

de participation au tirage pour chaque semaine complétée de l'étude de 3 semaines. Enfin, les 

participants qui terminent l'étude recevront 12 coupons de participation au tirage 

supplémentaires le jour de leur dernière session expérimentale. Chaque participant pourra ainsi 

cumuler un maximum de 20 coupons pour participer au tirage au sort à l'issue de toutes les 

étapes de l'étude. À la fin de la collecte complète des données de l’étude, un nom sera choisi 

au hasard parmi les participants et la personne dont le nom aura été tiré au sort sera informée 

par courriel et/ou par téléphone.  Pour gagner le prix, la personne devra répondre correctement 

à une question réglementaire. Si la personne ne peut être jointe dans les 14 jours suivants la 

date du tirage au sort, le prix sera attribué au deuxième nom tiré au sort, et ainsi de suite 

jusqu'à ce que le prix soit attribué.  Les chances de gagner un prix sont d'approximativement 

1/42. Le prix doit être accepté tel quel ou refusé et ne peut être échangé contre de l'argent. 

Votre nom et les coordonnées que vous fournirez lors de votre participation au tirage au sort 

seront recueillis afin de contacter le participant sélectionné pour le tirage au sort.  Le nom et les 

coordonnées des participants seront gardés confidentiels et seront ensuite détruits une fois le 

prix attribué. 

 

 

Confidentialité, anonymat et conservation des données : Qu'advient-il des informations 

recueillies dans le cadre de l’étude? 

 

Afin de garantir la confidentialité et l'anonymat, toutes les précautions et mesures nécessaires 

seront prises pour que vos résultats et vos informations personnelles soient conservés dans la 

plus stricte confidentialité. 

 

• Seuls la chercheuse (Alexandra Pepin, diététiste professionnelle, candidate au doctorat) 

et son directeur de thèse (Pascal Imbeault, PhD.) auront accès à vos informations 

personnelles et à vos résultats. Toute autre personne impliquée dans l'étude n'aura pas 

accès à vos informations personnelles et/ou à vos résultats. 

• Votre nom n'apparaîtra sur aucun rapport. Un code numérique unique sera utilisé pour 

vous identifier sur tous les documents de recherche.  

• Tous les documents et informations qui peuvent être liés à vous ne seront pas rendus 

publics et seront conservés dans la plus stricte confidentialité. 

• Vous ne serez en aucun cas identifié dans les publications ou les rapports issus de cette 

étude.   

• Les données recueillies seront conservées dans une armoire fermée à clé de notre unité 

de recherche dont l'accès est restreint et où sont conservés les dossiers de tous les 

participants. De plus, les fichiers informatiques seront protégés par un mot de passe.   

• Après la mesure des paramètres métaboliques dans les échantillons de sang par un 

technicien de laboratoire de notre équipe de recherche, les échantillons de sang 

restants seront placés dans des conteneurs de déchets à risques biologiques. Les 

échantillons jetés seront ensuite collectés et détruits conformément aux directives de 

biosécurité du bureau de gestion des risques de l'Université d'Ottawa. 
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• Les mesures de la composition du microbiote intestinal seront effectuées par l'équipe du 

Dr Krista Power, l'une de nos collaboratrices à l'École des sciences de la nutrition de 

l'Université d'Ottawa, à l'aide de méthodes couramment utilisées par son groupe. Seuls 

les échantillons fécaux codés seront transférés au laboratoire du Dr Power. Il ne sera 

pas possible pour les techniciens de laboratoire d'identifier les participants à l'aide des 

codes. Une fois les analyses terminées, les échantillons fécaux rejetés seront détruits. 

• Les données seront détruites cinq ans après la publication des résultats de l'étude. 
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Au cours de cette étude, nous prélèverons des échantillons de sang et de selles. Comme la 

relation complexe entre la nutrition et le microbiote intestinal est un domaine de recherche très 

nouveau et en évolution rapide, nous aimerions conserver certains des spécimens restants à 

des fins de recherches futures. Le reste de vos échantillons de sang et de selles pourrait être 

utilisé pour l'analyse de nouveaux marqueurs qui seront découverts dans les années à venir. Si 

vous acceptez, ces échantillons seront stockés dans le laboratoire du Dr Pascal Imbeault et 

conservés pendant une période maximale de 10 ans. Seul le personnel de recherche de Pascal 

Imbeault aura accès aux échantillons. Des copies papier de certaines de vos données seront 

conservées dans votre dossier de participant, situé dans une armoire fermée à clé dans un 

bureau verrouillé. Toutes les informations relatives à votre identité seront supprimées de votre 

dossier 5 ans après la publication des résultats de l'étude. Les copies électroniques des 

données ne contiendront pas d'informations sur votre identité et seront stockées sur un serveur 

sécurisé pour une durée maximale de 10 ans. 

 

Si vous acceptez que nous conservions certains de vos spécimens restants pour des 

recherches futures, ils deviendront la propriété de l'Université d'Ottawa. Les spécimens pourront 

être utilisés pour cette étude ou pour d'autres études connexes et pourront être partagés avec 

d'autres institutions (par exemple, dans le but de mesurer un paramètre sanguin pour lequel 

nous ne disposons pas de l'équipement nécessaire). Dans aucun cas les spécimens ne seront 

utilisés pour la recherche sur l'ADN ou l'ARN. 

 

 

Si vous acceptez de partager la totalité ou une partie des échantillons biologiques 

prélevés sur vous, veuillez cocher les cases correspondantes et initialer ci-dessous. 

 

☐  Échantillons de sang 

☐  Échantillons de matières fécales 

 

 

 

 

Puis-je être retiré de la recherche sans mon accord ? 

 

 

 

Si vous n'acceptez pas de partager aucun des spécimens biologiques prélevés sur vous à des 

fins de recherches futures, veuillez apposer vos initiales ci-dessous. 

 

 

Je n’accepte pas de partager aucun des spécimens biologiques prélevés sur moi: 

 

Vos initiales: _________________ 

 

  

J'accepte de partager le(s) spécimen(s) biologique(s) prélevé(s) sur moi: 

 

Vos initiales: _________________ 
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PARTICIPATION VOLONTAIRE 

 

Je ne suis pas obligé de participer à cette étude et si je choisis de participer, je peux me retirer 

de l'étude à tout moment et/ou refuser de répondre aux questions, sans en subir les 

conséquences négatives. À tout moment au cours de cette étude, mes intérêts personnels 

prévaudront toujours sur les objectifs de l'étude. Je serai informé des nouveaux résultats qui 

pourraient influencer ma décision de participer à la présente étude. 

 

Acceptation : Je, ____________________________________________ , accepte de 

participer à l'étude susmentionnée menée par Alexandra Pepin de l'École des Sciences de 

l’Activité Physique, Faculté des Sciences de la Santé, Université d'Ottawa, dont la recherche 

est sous la supervision du Professeur Pascal Imbeault, PhD. 

 

Si j'ai des questions concernant l'étude, je peux contacter la chercheuse ou son superviseur de 

thèse (coordonnées à la page 1).   

 

Si j'ai des questions concernant la conduite éthique de cette étude, je peux contacter le/la 

responsable du protocole pour l'éthique de la recherche du Bureau d’éthique et d’intégrité de la 

recherche de l’Université d'Ottawa. 

Pavillon Tabaret, 550 rue Cumberland, salle 154, Ottawa, ON K1N 6N5 

Tél : (613) 562-5387 Courriel : ethique@uottawa.ca  

 

 

Il y a deux exemplaires du formulaire de consentement, dont l'un est à moi. 

 

 

 

________________________________________                       _____________________                    

Signature du participant                                                               Date 

 

 

_________________________________________ 

Nom du participant en lettres majuscules détachées 

 

 

 

 

 

________________________________________                       _____________________                    

Signature de la personne obtenant le consentement                      Date 

 

 

_________________________________________ 

Nom de la personne obtenant le consentement en lettres majuscules détachées 

mailto:ethique@uottawa.ca
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Final Words 

 

I would like to conclude this thesis with the words that carried me through this journey, in 
the hope of inspiring fellow underdogs, who like me, dare to dream beyond the limits of the 

opportunities laid out for them. 

 

‘’ Here's to the crazy ones. The misfits. The rebels. The troublemakers. The round pegs in 
the square holes. The ones who see things differently. They're not fond of rules. And they 

have no respect for the status quo. You can quote them, disagree with them, glorify or vilify 
them. About the only thing you can't do is ignore them. Because they change things. And 
while some may see them as the crazy ones, we see genius. Because the people who are 

crazy enough to think they can change the world, are the ones who do. ‘’ 

Rob Siltanen 

 

If I could do this, so can you. 
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