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Abstract 

Introduction and purpose: Non-nutritive sweeteners (NNS) are used as alternatives to caloric 

sugars, but their metabolic effects vary according to the sweetener and exposure conditions. 

Physical exercise is a core component of obesity management, while evidence on interactions 

between NNS consumption and exercise remains insufficient. This narrative review aimed to 

evaluate NNS–exercise interactions in adults with obesity. 

Material and methods: A literature search was conducted in PubMed and Scopus using terms 

related to NNS, exercise, obesity and metabolic responses. Articles published since 2012 were 

considered, including clinical and experimental studies, systematic reviews and meta-analyses. 

Results: NNS-related metabolic responses vary across sweeteners and experimental conditions. 

Sucralose may produce different insulin responses according to metabolic phenotype. Exercise 

training improves glucose and insulin regulation, whereas few studies have directly examined 

NNS consumption during exercise. Most evidence derives from healthy or physically active 

populations, limiting its applicability to obesity. 

Conclusions: Current evidence provides a biological rationale for NNS–exercise interactions 

but is insufficient to determine whether NNS consumption modifies exercise tolerance, 

performance or exercise-induced metabolic adaptations in adults with obesity. Well-controlled 
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studies examining NNS type, dose, timing, carbohydrate co-ingestion and metabolic phenotype 

are needed. 

  

Keywords: “non-nutritive sweeteners”, “artificial sweeteners”, “exercise”, “physical activity”, 

“obesity”, “metabolic response” 

  

1. Introduction 

Obesity is a chronic, relapsing disease characterized by abnormal or excessive accumulation of 

body fat that may impair health (World Health Organization, 2025). In adults, obesity is 

commonly classified using body mass index (BMI), calculated as body weight in kilograms 

divided by height in metres squared (kg/m²), with obesity defined as a BMI of ≥ 30 kg/m² and 

overweight as a BMI of 25-29.9 kg/m². Although BMI is a useful population-level measure, it 

is a surrogate marker of adiposity, and additional measures such as waist circumference may 

provide further information on obesity and associated health risks (World Health Organization, 

2025). Obesity represents a major global public health challenge and is strongly associated with 

metabolic disorders, including impaired insulin-mediated glucose regulation, type 2 diabetes 

mellitus and cardiovascular disease (Choo et al., 2026). Excess adiposity is accompanied by 

metabolic disturbances, chronic low-grade inflammation and impaired insulin signaling, which 

may contribute to reduced metabolic flexibility and impaired glucose homeostasis (Choo et al., 

2026). Regular physical activity and structured exercise training are therefore central 

components of obesity management and can improve metabolic health, insulin sensitivity and 

cardiorespiratory fitness, including in the absence of substantial weight loss (Oppert et al., 2021; 

Khalafi et al., 2023). 

Non-nutritive sweeteners (NNS) have been widely introduced as alternatives to caloric sugars 

with the aim of reducing energy and free sugar intake. Their potential role in weight 

management remains controversial. Randomized controlled trials have generally shown neutral 

or modestly beneficial effects of NNS on body weight and BMI, particularly when NNS replace 

caloric sweeteners, whereas observational studies have reported associations between NNS 

consumption and adverse cardiometabolic outcomes (Laviada-Molina et al., 2020; Buszek et 

al., 2025, Li et al., 2026, Azad et al., 2017; Toews et al., 2019). These apparently divergent 
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findings may partly reflect differences in study design, exposure patterns, dietary context and 

the characteristics of NNS consumers. Consequently, associations observed in observational 

studies should not necessarily be interpreted as evidence of a causal adverse effect of NNS. 

The metabolic effects of NNS may vary according to the specific sweetener and the context of 

exposure, including the metabolic characteristics of the individual. Experimental and clinical 

evidence suggests that NNS are associated with changes in glucose homeostasis, endocrine 

signaling and other metabolic processes, although findings have varied across individual studies 

(Pang et al., 2021; Moriconi et al., 2020; Nobs and Elinav, 2023). A systematic review of human 

studies has additionally suggested that some non- and low-calorie sweeteners may influence 

substrate oxidation, although the magnitude and consistency of these effects vary across 

experimental conditions (Andersen et al., 2023). Metabolic effects may differ according to 

adiposity. In a randomized crossover study, sucralose ingestion increased postprandial glucose 

excursions in both normal-weight individuals and individuals with obesity, while the insulin 

response differed between the two groups (Nichol et al., 2020). Such findings suggest that 

obesity-associated metabolic dysfunction may modify the physiological response to NNS 

exposure. 

NNS have also been investigated in the context of physical exercise, although relatively few 

studies have directly examined their effects during exercise. Studies of NNS-containing mouth 

rinses have primarily examined sensory and ergogenic responses rather than systemic metabolic 

effects. In a randomized running trial, sucrose mouth rinsing improved endurance performance 

compared with water, whereas sucralose mouth rinsing did not produce a comparable 

improvement; lower-intensity sucralose rinsing nevertheless reduced the maximum rating of 

perceived exertion (Hawkins et al., 2017). More directly, a small randomized crossover study 

found that co-ingestion of aspartame with carbohydrate during endurance exercise altered the 

insulin response compared with carbohydrate alone (Siegler et al., 2012). Both studies involved 

healthy, physically active participants and therefore did not specifically represent populations 

with obesity. 

Despite increasing interest in the metabolic effects of NNS and the established role of exercise 

in obesity management, the interaction between these two factors remains insufficiently 

characterized. Current evidence indicates that NNS can affect metabolic pathways associated 

with exercise physiology, including glucose and insulin regulation and substrate utilization, 

although the magnitude and direction of these effects vary across studies. Obesity itself is 
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associated with impaired insulin action, altered substrate metabolism and reduced exercise 

capacity (Choo et al., 2026; Khalafi et al., 2023; Andersen et al., 2023). Because direct studies 

combining NNS exposure, physical exercise and obesity are scarce, evidence from studies 

examining NNS-related metabolic effects or exercise responses separately is also considered to 

provide the physiological context for evaluating this potential interaction. This represents an 

important research gap, as the metabolic effects of NNS may depend on the timing of exposure, 

carbohydrate availability, the type of sweetener and the baseline metabolic phenotype of the 

individual.  

Therefore, this narrative review aims to critically evaluate the current evidence regarding 

potential metabolic interactions between non-nutritive sweetener (NNS) consumption and 

physical exercise in the context of obesity. Particular attention is given to glucose and insulin 

regulation, substrate utilization, inflammatory and metabolic pathways, exercise performance 

and tolerance. The review also considers whether the available evidence is sufficient to 

determine a direct relationship between NNS consumption and exercise tolerance in individuals 

with obesity. 

2. Materials and methods 

A literature search was conducted in electronic databases, including PubMed and Scopus, using 

the following keywords: “non-nutritive sweeteners”, “artificial sweeteners”, “exercise”, 

“physical activity”, “obesity”, “exercise tolerance”, “metabolic response”, “glucose”, “insulin”, 

and “substrate oxidation”. Articles published since 2012 were considered, including 

randomized controlled trials, systematic reviews, meta-analyses, narrative reviews, and other 

relevant human and experimental studies. Additional publications were identified by screening 

the reference lists of selected articles. 

3. Non-nutritive sweeteners: classification and biological mechanisms 

3.1. Classification and metabolic fate 

Non-nutritive sweeteners (NNS), also referred to as non-sugar sweeteners or low- and no-

calorie sweeteners, are a diverse group of compounds that provide a sweet taste with little or 

no energy contribution. They include aspartame, sucralose, saccharin, acesulfame potassium, 

cyclamate, neotame, advantame and steviol glycosides (Sylvetsky and Rother, 2018; Teysseire 

et al., 2024, Agopsowicz et al., 2025). Low-calorie sweetening compounds also include sugar 
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alcohols such as erythritol, which differ from high-intensity NNS in their chemical structure 

and metabolic fate. Erythritol is a four-carbon polyol that is largely absorbed in the small 

intestine and excreted unchanged, resulting in minimal systemic metabolism and a negligible 

effect on blood glucose (Skowrońska-Borsuk et al., 2025). These differences in chemical 

structure and metabolic fate warrant consideration when interpreting studies investigating the 

metabolic effects of NNS. Aspartame, for example, is hydrolysed in the gastrointestinal tract 

into its constituent components, whereas sucralose is only partially absorbed and is 

predominantly excreted without extensive metabolism. Other NNS, such as acesulfame 

potassium, are absorbed and subsequently eliminated largely unchanged (Sylvetsky and Rother, 

2018; Moriconi et al., 2020). Consequently, physiological responses observed with one NNS 

cannot necessarily be generalized to other compounds within the same category. The metabolic 

fate of an individual sweetener may therefore represent an important determinant of its potential 

effects on glucose regulation, endocrine signaling and substrate metabolism. In addition to the 

specific compound, factors such as dose, duration of exposure, gastrointestinal exposure and 

the presence of other dietary components may further influence the observed response 

(Agopsowicz et al., 2025, Moriconi et al., 2020; Teysseire et al., 2024).  

3.2. Glucose and insulin regulation 

The acute effects of NNS on glucose and insulin metabolism appear to depend on the type of 

sweetener, timing of administration, carbohydrate co-ingestion and metabolic characteristics of 

the individual. A systematic review and network meta-analysis found that NNS-sweetened 

beverages generally did not produce significant acute changes in postprandial glucose or 

endocrine responses compared with water or unsweetened beverages (Zhang et al., 2023; 

Agopsowicz et al., 2025). Individual studies, however, have reported heterogeneous responses. 

For example, sucralose ingestion before an oral glucose tolerance test altered insulin responses, 

with differences observed according to baseline adiposity (Nichol et al., 2020, Agopsowicz et 

al., 2025). Overall, current evidence does not support a uniform adverse effect of NNS on 

glucose homeostasis but suggests that metabolic responses may be context-dependent (Pang et 

al., 2021; Nobs and Elinav, 2023). 

3.3. Sweet taste receptors and metabolic signaling 

One proposed mechanism underlying the metabolic effects of NNS involves activation of sweet 

taste receptors. The heterodimeric G-protein-coupled receptor TAS1R2/TAS1R3 is responsible 
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for the perception of sweetness in the oral cavity and has also been identified in extra-oral 

tissues, including the gastrointestinal tract (Moriconi et al., 2020; Sylvetsky and Rother, 2018). 

Experimental evidence suggests that activation of extra-oral sweet taste receptors is involved 

in enteroendocrine and metabolic signaling, including pathways involving incretin hormones 

such as glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide 

(GIP) (Moriconi et al., 2020; Sylvetsky and Rother, 2018; Herzog et al., 2025). 

Human studies have not consistently demonstrated substantial metabolic or endocrine 

responses following isolated NNS exposure (Moriconi et al., 2020; Herzog et al., 2025). The 

metabolic response may also depend on whether NNS are consumed alone or together with 

other dietary components (Sylvetsky and Rother, 2018; Moriconi et al., 2020). This distinction 

is important because mechanistic findings obtained in experimental models cannot 

automatically be extrapolated to physiological effects in humans (Herzog et al., 2025). The 

presence of sweet taste receptors in extra-oral tissues therefore provides biological plausibility 

for metabolic effects of NNS but does not establish that receptor activation results in clinically 

meaningful changes in glucose or insulin regulation (Herzog et al., 2025; Moriconi et al., 2020). 

Whether obesity modifies these pathways or alters the response to NNS during physical 

exercise remains insufficiently investigated. This question merits further investigation because 

obesity is associated with impaired insulin signaling and reduced metabolic flexibility, 

potentially creating a distinct physiological context in which NNS exposure occurs (Choo et 

al., 2026; Oppert et al., 2021). 

3.4. Gut microbiota and metabolic signaling 

The gut microbiota is another potential pathway linking NNS exposure with metabolic 

regulation. Experimental and clinical evidence indicates that some NNS can alter microbial 

composition and metabolite production, although responses vary according to the sweetener, 

dose, duration of exposure and baseline microbiota (Suez et al., 2014; Conz et al., 2023; Crakes 

et al., 2025). In the SWEET randomized controlled trial, adults with overweight or obesity 

consuming sweeteners and sweetness enhancers within a healthy, sugar-reduced diet 

maintained greater weight loss over one year and showed changes in gut microbiota 

composition compared with the sugar-control group (Pang et al., 2025). These findings further 

support the context-dependent nature of NNS effects. 
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3.5. Potential relevance to exercise metabolism 

The metabolic pathways potentially influenced by NNS, including glucose and insulin 

regulation and substrate oxidation, contribute to the metabolic response to physical exercise. A 

systematic review of human studies found that NNS were associated with changes in 

carbohydrate and fat oxidation under some experimental conditions, although findings varied 

across experimental conditions and the clinical significance of these acute responses has not 

been clearly established (Andersen et al., 2023). In the setting of obesity, impaired insulin action 

and altered substrate metabolism can affect the metabolic response to exercise, providing a 

biological rationale for investigating potential NNS-exercise interactions (Oppert et al., 2021; 

Khalafi et al., 2023). Direct evidence examining the relationship between NNS consumption 

and exercise responses remains scarce, with few studies specifically addressing populations 

affected by obesity. These observations provide a biological rationale for further investigation 

but do not demonstrate a direct effect on exercise performance or tolerance. 

4. Metabolic responses to physical activity in individuals with obesity 

4.1. Metabolic responses to exercise 

Obesity is associated with impaired glucose homeostasis, insulin resistance and alterations in 

substrate metabolism that may contribute to differences in the physiological response to 

physical exercise. Excess adiposity, with a prominent contribution from visceral adiposity, is 

associated with increased fatty acid availability and impaired insulin-mediated glucose 

disposal, contributing to metabolic dysfunction and reduced metabolic flexibility (Choo et al., 

2026). Physical activity is therefore integral to obesity management because it can improve 

glucose regulation and enhance insulin-mediated glucose uptake independently of substantial 

weight loss (Oppert et al., 2021). 

Exercise training has a well-established beneficial effect on postprandial glucose and insulin 

responses in individuals with overweight or obesity. A systematic review and meta-analysis 

including 29 studies and 1,401 participants demonstrated that exercise training significantly 

reduced postprandial glycemia and insulinemia, with benefits observed following both aerobic 

and resistance training (Khalafi et al., 2023). The metabolic response may also vary according 

to the type of exercise performed, with different forms of structured exercise producing 

beneficial effects on glucose regulation (Oppert et al., 2021; Khalafi et al., 2023; Kang et al., 
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2023). These adaptations are particularly relevant in obesity, where impaired insulin sensitivity 

and altered substrate metabolism may limit the ability to appropriately regulate glucose and 

lipid utilization in response to changing energy demands. 

The metabolic response to exercise is influenced by exercise modality, intensity and duration. 

Aerobic exercise increases energy expenditure and requires coordinated utilization of 

carbohydrate and lipid substrates, whereas strength-oriented exercise promotes increases in 

skeletal muscle mass and may consequently increase the amount of metabolically active tissue 

available for glucose disposal. Repeated exercise training can therefore improve insulin-

mediated glucose uptake and metabolic regulation through adaptations in skeletal muscle and 

whole-body energy metabolism (Oppert et al., 2021; Khalafi et al., 2023). 

These adaptations warrant consideration in obesity, where impaired insulin-mediated glucose 

regulation may compromise the appropriate adjustment of substrate utilization to changing 

energy demands. In this context, the relationship between NNS and substrate metabolism 

represents a potential point of interaction with exercise. A systematic review of human studies 

reported heterogeneous effects of non- and low-calorie sweeteners on substrate oxidation, 

energy expenditure and catecholamine responses, although the clinical relevance of these acute 

findings remains unclear (Andersen et al., 2023). AAltered substrate utilization may therefore 

represent a potential pathway through which dietary exposure to NNS could interact with 

exercise metabolism, although direct evidence in adults with obesity remains limited. 

Obesity is characterized by chronic low-grade inflammation and metabolic disturbances that 

contribute to impaired insulin action and disrupted glucose regulation. Excess adipose tissue, 

including visceral adipose tissue, is metabolically active and associated with an altered 

inflammatory environment that may interfere with normal metabolic signaling (Choo et al., 

2026; Walbolt and Koh, 2020). 

Regular physical activity can modify this metabolic environment and may contribute to 

reductions in systemic inflammatory activity. However, the relationship between exercise and 

inflammation should not be interpreted as uniformly anti-inflammatory. Acute exercise 

represents a physiological stressor and may transiently alter inflammatory signaling, whereas 

repeated exercise training may promote longer-term adaptations associated with improved 

metabolic regulation. This distinction is important in obesity, where baseline metabolic and 

inflammatory disturbances may modify the response to exercise (Oppert et al., 2021). 
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Oxidative stress represents another component of the metabolic environment associated with 

obesity. Exercise itself increases metabolic demand and may transiently increase oxidative 

stress, whereas repeated exercise can induce adaptive responses that improve the capacity of 

tissues to respond to oxidative challenges. The magnitude and direction of these responses 

depend on exercise characteristics and individual metabolic status. Oxidative stress should 

therefore be considered as part of the broader metabolic context of exercise in obesity rather 

than as an isolated mechanism. 

4.2. Exercise tolerance and physical fitness limitations 

Obesity may be associated with reduced exercise capacity and cardiorespiratory fitness, as well 

as limitations in mobility and exercise participation related to excess body mass, 

musculoskeletal conditions and comorbidities (Oppert et al., 2021). Increased body mass may 

also increase the physiological demands of weight-bearing activity, potentially contributing to 

greater perceived exertion during physical exercise. Exercise tolerance is therefore influenced 

not only by metabolic function but also by cardiorespiratory fitness, physical fitness and the 

presence of obesity-related functional limitations. 

Exercise capacity varies substantially among people with obesity and is influenced by factors 

such as age, habitual physical activity, physical fitness, musculoskeletal function and 

comorbidities (Oppert et al., 2021). This heterogeneity needs to be considered when evaluating 

potential dietary influences on exercise responses, as the same NNS exposure may not produce 

identical physiological or perceptual responses across individuals with different metabolic and 

functional characteristics.  

Baseline glucose regulation, including the effectiveness of insulin action, together with 

metabolic flexibility and cardiorespiratory fitness, may therefore act as key modifiers when 

investigating whether NNS consumption influences exercise tolerance. Individuals with similar 

levels of adiposity may nevertheless differ substantially in their metabolic response to exercise, 

which may contribute to variability in the effects of dietary factors. Such heterogeneity warrants 

consideration when interpreting studies of NNS and exercise, especially when findings from 

healthy or physically active populations are extrapolated to individuals with obesity.  
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These individual differences provide an important physiological context for investigating 

potential NNS-exercise interactions.The effects of NNS consumption on exercise tolerance and 

performance among people affected by obesity have yet to be established.  

5. Potential interactions between non-nutritive sweeteners and physical activity  

5.1. Acute NNS exposure and exercise 

Few studies have examined NNS exposure and exercise together, and direct evidence in adults 

with obesity is lacking. Therefore, this section considers both studies directly examining NNS 

during exercise and indirect evidence from related metabolic research. Available human studies 

have primarily investigated either oral exposure through mouth rinsing or ingestion of specific 

NNS with carbohydrates. These approaches differ in the extent of systemic exposure: mouth 

rinsing provides sensory stimulation without meaningful systemic absorption, whereas 

ingestion permits gastrointestinal and metabolic effects to occur. 

In a randomized crossover study of endurance-trained participants, sucralose mouth rinsing 

during a 12.8-km running time trial did not improve running performance compared with water, 

although lower-intensity sucralose rinsing reduced the maximum rating of perceived exertion 

(Hawkins et al., 2017). These findings suggest that oral exposure to intense sweetness was 

associated with changes in selected perceptual responses during exercise but did not provide 

evidence of an ergogenic effect. Moreover, findings from mouth-rinse studies cannot be directly 

extrapolated to the metabolic effects of ingested NNS. 

5.2. NNS, carbohydrate co-ingestion and metabolic responses during exercise 

A small randomized crossover study investigated the metabolic response to aspartame 

consumed during exercise with or without carbohydrate. In nine healthy recreationally active 

men, insulin concentrations were lower when aspartame was consumed with carbohydrate than 

with carbohydrate alone, whereas aspartame alone did not produce a comparable response 

(Siegler et al., 2012). The study included only healthy men without obesity or known metabolic 

disease and examined a single NNS. These findings therefore provide preliminary evidence of 

a potential NNS-carbohydrate interaction during exercise but cannot be directly extrapolated to 

obesity-related exercise responses or to other NNS.  
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A systematic review of human studies also reported variable effects of non- and low-calorie 

sweeteners on substrate oxidation, energy expenditure and catecholamine responses (Andersen 

et al., 2023). These studies were not specifically designed to investigate NNS during exercise 

in individuals with obesity, limiting their direct applicability to the population considered in 

this review.  

5.3. NNS, obesity and exercise-related outcomes 

Evidence from studies outside the exercise setting suggests that metabolic responses to NNS 

may differ according to metabolic phenotype. In a randomized crossover study, sucralose 

ingestion before an oral glucose tolerance test produced different insulin responses in 

participants with normal weight and obesity, despite increased glucose exposure in both groups 

(Nichol et al., 2020). Although no exercise was performed, these findings suggest that obesity 

may modify the acute metabolic response to a specific NNS. 

Evidence concerning longer-term NNS consumption is also indirect. In the one-year SWEET 

randomized controlled trial, adults with overweight or obesity consuming sweeteners and 

sweetness enhancers within a healthy, sugar-reduced diet showed greater maintenance of 

weight loss and changes in gut microbiota composition compared with the control dietary 

intervention (Pang et al., 2025). The study was not designed to assess exercise performance, 

exercise tolerance or physiological adaptation to exercise. Its findings therefore provide 

information about the broader metabolic context of NNS use in obesity rather than direct 

evidence of an NNS-exercise interaction. 

Taken together, the available human evidence addresses different components of the research 

question rather than the interaction between NNS consumption, physical exercise and obesity. 

Studies conducted during exercise have primarily involved healthy, physically active 

participants, whereas studies including individuals with obesity have generally examined NNS-

related metabolic responses outside the exercise setting. This separation of evidence limits the 

ability to determine whether NNS consumption modifies exercise responses in adults with 

obesity. 
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6. Discussion 

6.1. Interpretation of the evidence 

The evidence reviewed in this paper does not currently support a clear conclusion that NNS 

consumption modifies the metabolic or functional response to exercise in individuals with 

obesity. The available studies suggest that NNS can influence selected metabolic or perceptual 

responses under specific experimental conditions, but these effects are not consistent across 

NNS, modes of administration or study populations (Andersen et al., 2023; Hawkins et al., 

2017; Siegler et al., 2012; Nichol et al., 2020). The evidence directly addressing NNS use during 

exercise is substantially more limited than the evidence examining either NNS exposure or 

exercise independently (Hawkins et al., 2017; Siegler et al., 2012; Andersen et al., 2023). 

The literature reviewed here can be understood as arising from two largely separate areas of 

research: the metabolic effects of NNS and the physiological responses to exercise under 

conditions of obesity. Exercise modifies glucose disposal, insulin sensitivity and substrate 

metabolism, while NNS are associated with changes in selected aspects of glucose regulation, 

endocrine signaling and substrate oxidation under specific experimental conditions (Oppert et 

al., 2021; Khalafi et al., 2023; Moriconi et al., 2020; Andersen et al., 2023). A mechanistic 

overlap between pathways influenced by NNS and pathways involved in exercise metabolism 

does not, by itself, demonstrate a physiological interaction between NNS consumption and 

exercise. The potential interaction is likely to depend on several contextual factors, including 

the specific sweetener, dose, timing of exposure, carbohydrate availability, exercise modality 

and intensity, and baseline metabolic phenotype (Hawkins et al., 2017; Siegler et al., 2012; 

Nichol et al., 2020; Andersen et al., 2023). To date, the studies identified in this review have 

not examined these factors simultaneously in adults with obesity. These findings are therefore 

better interpreted as providing a biological rationale for further investigation rather than 

demonstrating a clinically meaningful NNS–exercise interaction. 

The main limitation of the current evidence is therefore not the absence of plausible biological 

mechanisms, but the lack of studies directly integrating NNS exposure, exercise and obesity 

within the same experimental design. Existing findings are difficult to compare because they 

differ in NNS type, dose, route and timing of administration, exercise protocol and participant 

characteristics (Hawkins et al., 2017; Siegler et al., 2012; Nichol et al., 2020; Andersen et al., 
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2023). Consequently, findings from healthy, physically active populations cannot be assumed 

to reflect physiological responses in individuals with obesity. 

6.2. Relevance to individuals with obesity 

NNS-exercise interactions may be of particular relevance in obesity because disturbances in 

insulin action, altered substrate metabolism and impaired metabolic flexibility can affect 

responses to both dietary exposures and physical exercise (Choo et al., 2026; Oppert et al., 

2021). Metabolic phenotype may influence responses to specific NNS, as suggested by 

differences in insulin responses to sucralose among participants with normal weight and obesity 

(Nichol et al., 2020). Whether such differences have functional consequences during exercise 

remains unclear.  

Obesity represents a heterogeneous metabolic condition, with differences in insulin sensitivity, 

glucose regulation and physical fitness that may contribute to variability in responses to both 

dietary interventions and exercise. Differences in insulin sensitivity, glucose regulation and 

physical fitness may contribute to variability in responses to both dietary interventions and 

exercise. Future studies should therefore consider baseline metabolic characteristics when 

evaluating potential NNS-exercise interactions rather than treating individuals with obesity as 

a homogeneous population. 

6.3. Clinical and public health implications 

The current evidence does not justify recommending NNS as an ergogenic aid, nor does it 

provide sufficient evidence to recommend avoiding NNS specifically because of concerns 

regarding exercise tolerance under conditions of obesity. Evidence regarding NNS as 

substitutes for caloric sweeteners suggests that their effects on body weight depend on the 

comparator and overall dietary context (Laviada-Molina et al., 2020; Madjd et al., 2018; Pang 

et al., 2025; Wen et al., 2026). 

For exercise-based obesity management, structured physical activity remains a fundamental 

component of treatment, while NNS should be considered within the broader dietary context 

rather than as an independent determinant of exercise performance or metabolic adaptation 

(Oppert et al., 2021). 
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From a public health perspective, the potential role of NNS should therefore be considered in 

relation to their intended dietary use rather than isolated metabolic effects. When NNS replace 

caloric sugars within an overall energy-controlled dietary pattern, they may represent one 

possible strategy for reducing sugar intake and supporting dietary adherence. Their use should 

therefore be evaluated according to the broader dietary pattern, individual preferences and 

metabolic characteristics rather than as a specific strategy for improving exercise capacity. 

7. Future directions 

The most important priority for future research is to directly investigate the interaction between 

NNS consumption and physical exercise in individuals with obesity. Randomized crossover or 

controlled intervention studies should compare specific NNS with appropriate control 

conditions and distinguish between acute exposure and habitual consumption. Studies should 

examine NNS consumed alone and in combination with carbohydrate, with standardized timing 

relative to exercise (Siegler et al., 2012; Oppert et al., 2023). 

Future studies would benefit from greater methodological standardization. Clear reporting of 

the specific NNS, dose, frequency, duration and route of administration is needed, while 

exercise modality, intensity, duration and nutritional status can be standardized or 

systematically varied. The selection of control conditions also needs to reflect the research 

question, as comparisons with caloric sugars address substitution effects, whereas comparisons 

with water or unsweetened products address potential effects beyond the absence of caloric 

sugars (Laviada-Molina et al., 2020; Madjd et al., 2018). 

Individual metabolic phenotype is a key consideration when investigating NNS-exercise 

interactions. Baseline insulin sensitivity, glucose tolerance, habitual NNS consumption and 

cardiorespiratory fitness may influence responses to both NNS and exercise. Future trials would 

benefit from characterizing participants according to baseline metabolic and functional 

characteristics and investigating whether specific subgroups respond differently (Nichol et al., 

2020). 

Finally, future studies should prioritize clinically meaningful outcomes, including glucose and 

insulin responses, substrate oxidation, perceived exertion, exercise performance and 

cardiorespiratory exercise tolerance. Longer-term randomized trials are also needed to 

determine whether habitual NNS consumption modifies the metabolic adaptations normally 
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associated with structured exercise training. Mechanistic measures such as incretin responses 

and gut microbiota may provide additional information but should be interpreted alongside 

functional outcomes rather than as evidence of clinical benefit. At present, well-controlled 

studies addressing NNS type, dose, timing, carbohydrate co-ingestion, metabolic phenotype 

and exercise modality are required before firm conclusions regarding NNS-exercise 

interactions in obesity can be drawn. 
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