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Abstract 
High-intensity sweeteners (HIS) are widely used as sugar substitutes because they provide sweetness 
with little or no energy. They are commonly added to diet foods and beverages to support calorie 
reduction and glycaemic control. Over the past decades, regulatory authorities have evaluated these 
sweeteners and generally concluded that they are safe when consumed within established Acceptable 
Daily Intake (ADI) limits. Despite this, public concern and scientific debate about their long-term 
safety continue to grow. This review provides a critical and balanced overview of the safety, metabolic 
effects, and regulatory risk assessment of commonly used high-intensity sweeteners. It summarises 
their classification and key absorption, distribution, metabolism, and excretion (ADME) characteristics 
to clarify exposure pathways. Evidence from toxicological studies, animal experiments, human trials, 
and epidemiological research is reviewed in this paper. Particular attention is given to carcinogenicity, 
genotoxicity, reproductive and developmental effects, neurotoxicity, immunotoxicity, and gut 
microbiota-related metabolic outcomes. Most findings indicate that high-intensity sweeteners do not 
pose serious health risks when consumed within approved intake limits. However, emerging evidence 
suggests that some sweeteners may influence biological processes through indirect pathways. These 
effects are mainly linked to gut microbiota modulation and metabolic signalling. The review also 
highlights limitations of traditional ADI-based risk assessment frameworks. These include a focus on 
single compounds, reliance on overt toxicity endpoints, and limited consideration of cumulative 
exposure and population variability. Vulnerable groups such as children, pregnant women, and 
individuals with metabolic disorders are often underrepresented in long-term studies. Overall, current 
evidence supports the regulated use of high-intensity sweeteners within established limits. At the same 
time, continued research is needed. Long-term human studies, improved exposure assessment, and 
integration of emerging biological endpoints will be essential to strengthen future regulatory decisions 
and public health guidance. 
 
Keywords: High-intensity sweeteners, non-nutritive sweeteners, safety assessment, Acceptable Daily 
Intake, metabolism, gut microbiota, regulatory risk assessment 
 
1. Introduction 
High-intensity sweeteners (HIS), also called non-nutritive sweeteners (NNS), provide intense 
sweetness with little or no energy. Their sweetness can range from about 30 times to more 
than 13,000 times sweeter than sucrose. This allows very small use of these sweeteners in 
foods and beverages (Whitehouse et al., 2008) [85]. As a result, HIS are widely used in “diet” 
and “sugar-free” products. They are often promoted for calorie reduction and glycaemic 
management. Their use is very common among people who are aiming for weight control 
and individuals with obesity or diabetes (Chattopadhyay et al., 2014; Mooradian et al., 2017) 
[7, 51]. HIS includes synthetic sweeteners such as aspartame, sucralose, saccharin, acesulfame 
potassium (Ace-K), neotame, advantame, and cyclamate. On the other hand, they also 
include plant-derived sweeteners, especially steviol glycosides from Stevia rebaudiana 
(Gwak et al., 2012; Prakash et al., 2014) [29, 63]. These sweeteners differ in structure, heat 
stability, and sensory profile which affect there use in food products. Natural-origin 
sweeteners such as steviol glycosides, and mogrosides from monk fruit are often viewed as 
“clean-label” options. However, botanical origin does not guarantee metabolic neutrality or 
long-termsafety. These compounds still require the same level of scientific scrutiny as 
synthetic sweeteners. 
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Regulatory agencies such as the U.S. Food and Drug 
Administration (FDA), the European Food Safety Authority 
(EFSA), and the Joint FAO/WHO Expert Committee on 
Food Additives (JECFA) evaluate HIS before approval for 
food use. These agencies use toxicological datasets to set 
Acceptable Daily Intakes (ADIs). ADIs are typically derived 
from no observed adverse effect levels (NOAELs) with 
uncertainty factors applied (Renwick & Nordmann, 2007; 
EFSA, 2013) [66]. Regulatory assessments largely affirm that 
consumption within established ADI limits is safe; however, 
ongoing scientific debate persists regarding potential long-
term and cumulative effects. This is partly due to the 
frequent and long-term nature of real-world exposure, where 
intake may occur repeatedly throughout the day from 
multiple products. Moreover, the growing incorporation of 
HIS into ultra-processed foods and beverages intensifies 
concerns regarding chronic low-dose consumption and the 
potential effects of combined exposures. (Debras et al., 
2022; Sousa & Gloria, 2023) [12, 77]. 
This review presents a critical synthesis of the safety, 
metabolic effects, and regulatory risk assessment of high-
intensity sweeteners (HIS). It integrates evidence from 
toxicological, mechanistic, epidemiological, and regulatory 
studies to provide a comprehensive evaluation. The review 
first outlines the classification and ADME characteristics of 
HIS to clarify exposure pathways, and then assesses key 
health outcomes. It also includes metabolic effects, gut 
microbiota alterations, reproductive and developmental 
toxicity, neurological effects, immunotoxicity, and organ-
specific toxicity. Finally, the review discusses how existing 
risk-assessment frameworks, particularly ADI-based 
approaches, could be refined to better capture real-world 
exposure patterns and emerging biological endpoints 
(EFSA, 2013). 
 
2. Classification of High-Intensity Sweeteners 
High-intensity sweeteners (HIS) can be classified based on 
their origin as natural or artificial compounds. This 
classification is widely used in regulatory, nutritional, and 
scientific literature. All HIS share a common functional 
property as they provide intense sweetness at very low 
concentrations and contribute negligible energy to foods. 
Global consumption of HIS has increased steadily over 
recent decades. This trend is driven by rising rates of 
obesity, diabetes, and cardiovascular disease. Consumer 
demand for reduced-sugar and low-energy products has also 
played a major role (Chattopadhyay et al., 2014; Mooradian 
et al., 2017) [7, 51].  
 
2.1 Natural High-Intensity Sweeteners 
Natural high-intensity sweeteners are primarily derived from 
plant sources. The most widely used natural HIS are steviol 
glycosides obtained from Stevia rebaudiana. Other 
examples include mogrosides from monk fruit (Siraitia 
grosvenorii), glycyrrhizin from licorice, and protein-based 
sweeteners such as thaumatin and monellin. Among these, 
steviol glycosides are the most extensively studied and 
commercially important. Steviol glycosides consist mainly 
of stevioside and rebaudioside A. Newer purified fractions, 
such as rebaudioside M, have been developed to improve 
sensory quality. These newer compounds reduce bitterness 
and aftertaste compared with earlier stevia extracts (Gwak et 
al., 2012; Prakash et al., 2014) [29, 63]. The growing use of 
stevia-based sweeteners is also linked to consumer 

preference for plant-derived and “natural” ingredients. 
Natural origin often leads to a perception of improved 
safety. However, this perception is not scientifically 
sufficient. Plant-derived sweeteners contain bioactive 
structures that can interact with metabolic and microbial 
pathways. Therefore, natural HIS require the same 
toxicological and regulatory evaluation as synthetic 
sweeteners. Safety assessment must be based on dose, 
exposure, and biological effects rather than source alone. 
 
2.2 Artificial High-Intensity Sweeteners 
Artificial high-intensity sweeteners are synthetically 
produced compounds. They are designed to deliver 
sweetness without providing calories. This group includes 
aspartame, sucralose, saccharin, acesulfame potassium 
(Ace-K), neotame, advantame, and cyclamate. These 
sweeteners differ greatly in chemical structure and 
sweetness potency (Mora et al., 2023; Silva et al., 2021) [52, 

75]. Artificial HIS are widely used because of their 
technological advantages. Many are stable during heat 
processing and long-term storage. This property makes them 
suitable for baked products, beverages, tabletop sweeteners, 
and pharmaceutical formulations. Aspartame is a notable 
exception as it is less stable at high temperatures and under 
prolonged heating, which limits its use in some food 
applications (Shankar et al., 2013) [70]. From a safety 
standpoint, artificial HIS cannot be treated as a single group. 
Their chemical diversity leads to different metabolic and 
exposure profiles. Some are extensively metabolised, while 
others are largely excreted unchanged. These differences are 
important for interpreting toxicological data and for 
estimating systemic and local exposure. 
Overall, Natural and artificial HIS both include compounds 
with distinct biological behaviours. Risk assessment 
therefore requires compound-specific evaluation rather than 
reliance on broad categories. This principle underpins later 
discussion of metabolism, health effects, and regulatory 
decision-making. 
• Aspartame: Aspartame was discovered in 1965 and 

approved for food use in more than 100 countries by 
1981. It is used in products such as breakfast cereals, 
chewing gum, gelatine desserts, puddings, and soft 
drinks. Aspartame is composed of two amino acids, L-
aspartic acid and L-phenylalanine (Czarnecka et al., 
2021) [10]. Due to its phenylalanine content, it is 
contraindicated for individuals with phenylketonuria 
(Keskin et al., 2022) [40]. Aspartame is commercially 
available as a white crystalline powder or granules. It is 
soluble in water and ethyl alcohol. The compound is 
unstable under high temperature and extreme pH 
conditions. It undergoes rapid hydrolysis when exposed 
to heat. Aspartame provides a clean and sucrose-like 
sweetness without strong off-flavours. Its relative 
sweetness ranges from 180 to 250 times that of sucrose, 
depending on the food matrix. Due to thermal 
instability, aspartame is unsuitable for baked or heat-
processed foods and is mainly used in products with 
minimal thermal treatment (Sun et al., 2014; Dudure et 
al., 2023) [80, 15]. 

• Saccharin: Saccharin appears as a white, colourless 
crystalline powder. Its sweetness develops slowly and 
persists after reaching peak intensity (Sun et al., 2025) 
[81]. At higher concentrations, it produces a noticeable 
bitter or metallic aftertaste. Saccharin is also available 
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in tablet form and exhibits approximately 500 times the 
sweetness of sucrose (Wilk et al., 2022) [88]. Saccharin 
shows high solubility in water. It is stable under heat 
treatment, including exposure to temperatures of up to 
150°C for one hour. It also remains stable across a wide 
pH range from 2 to 7. These properties make saccharin 
suitable for a variety of food applications (Kawakami et 
al., 2025; Redha et al., 2025) [39, 64]. 

• Acesulfame K: Acesulfame potassium exhibits 
approximately 200 times the sweetness of sucrose 
(Shankar et al., 2013) [70]. It produces a rapid onset of 
sweetness that closely resembles sucrose when used at 
low concentrations. At higher levels, a mild bitter note 
may appear. This bitterness is generally less intense 
than that of saccharin (Flad et al., 2025) [25]. 
Acesulfame potassium is frequently used in 
combination with other sweeteners. Such combinations 
enhance sweetness intensity and improve flavour 
balance. Synergistic effects are commonly observed 
when it is blended with aspartame or sucralose (Choi et 
al., 2024) [8]. 

• Sucralose: Sucralose is a synthetic sweetener produced 
by chemical modification of sucrose. The replacement 
of three hydroxyl groups with chlorine atoms yields a 
trichlorinated sucrose derivative. These substitutions 
occur at the 4, 1′, and 6′ positions of the sucrose 
molecule (Slade et al., 2021) [76]. Sucralose appears as a 
white, odourless crystalline powder. It shows moderate 
solubility in water and ethanol (Dhartiben & Aparnathi, 
2017) [13]. It is highly stable under heat and across a 
wide pH range. Sucralose exhibits a sweetness intensity 
of approximately 450 to 700 times that of sucrose. A 
slight residual aftertaste has been reported at higher 
concentrations (Wang et al., 2022) [84]. 

• Stevia & Rebaudioside A: Leaves of Stevia 
rebaudiana contain more than 30 different steviol 
glycosides. Major compounds include stevioside and 
rebaudioside A (Reb A). These compounds often 
produce a bitter or liquorice-like aftertaste, which 
complicates product formulation (Hao et al., 2024) [33]. 
Rebaudioside A is the most abundant and well-
characterised steviol glycoside. It is preferred for 
commercial use due to its higher sweetness intensity 
and relatively improved sensory profile. Reb A exhibits 
approximately 250 to 300 times the sweetness of 
sucrose. Its efficient extraction process supports 
widespread industrial application (Karakütük et al., 
2023) [38]. 

• Neotame: Neotame is a non-caloric artificial sweetener 
and a structural derivative of aspartame. Its chemical 
name is N-[N-(3,3-dimethylbutyl)-L-α-aspartyl]-L-
phenylalanine 1-methyl ester. Neotame shows a 
sweetness intensity 30 to 40 times greater than 
aspartame. It is approximately 7,000 to 13,000 times 
sweeter than sucrose. Neotame is stable under heat and 
can be used in hot beverages such as coffee. It received 
approval for food use in the European Union in 2010 
(Otabe et al., 2011) [56]. Due to its high potency, it is 
used in very small quantities. 

• Advantame: Advantame is a high-intensity artificial 
sweetener developed by Ajinomoto, Japan. It is 
produced using chemical technology that combines 
structural features of aspartame and vanillin (Dwivedi, 
2022) [16]. Advantame was introduced commercially 

after 2008 and represents one of the most potent 
sweeteners currently approved. Advantame exhibits an 
exceptional sweetness intensity ranging from 20,000 to 
37,000 times that of sucrose (Otabe et al., 2011) [56]. It 
is non-caloric and has a zero glycaemic index. 
Advantame is structurally similar to neotame but shows 
greater sweetness potency. Earlier records for sweetness 
intensity were held by neotame and monatin (Patel et 
al., 2025) [59]. 

• Cyclamate: Cyclamate exhibits a sweetness intensity 
of approximately 30 to 50 times that of sucrose (Lobach 
et al., 2019) [44]. It is commercially available as 
colourless crystals or a white crystalline powder. Due to 
its relatively low sweetness potency, cyclamate is rarely 
used alone. Cyclamate is commonly used as sodium or 
calcium salts. It is frequently combined with saccharin 
or aspartame to enhance sweetness and reduce 
aftertaste. Such combinations improve overall sensory 
quality in food and beverage products (Behrens et al., 
2017) [4]. 

 
3. Regulatory Framework and Acceptable Daily Intake 
(ADI) 
High-intensity sweeteners (HIS) are regulated through 
structured safety assessment systems intended to protect 
public health. Major regulatory authorities include the U.S. 
Food and Drug Administration (FDA), the European Food 
Safety Authority (EFSA), and the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA). National agencies 
such as Health Canada and Food Standards Australia New 
Zealand (FSANZ) also play important roles. These bodies 
evaluate toxicological, metabolic, and exposure data before 
approving HIS for use in foods (Renwick & Nordmann, 
2007; EFSA, 2013) [66] Some sweeteners are approved as 
food additives following extensive pre-market testing. 
Others are permitted through processes such as Generally 
Recognized as Safe (GRAS) notifications in the United 
States. Steviol glycosides have been authorised for food use 
through GRAS determinations in the United States and have 
also undergone independent safety evaluations by EFSA and 
JECFA (EFSA, 2010; WHO, 2006; FDA, 2008). In contrast, 
aspartame and sucralose were approved as food additives 
following extensive long-term toxicological studies, 
including assessments of carcinogenicity, reproductive 
toxicity, and neurological effects (EFSA, 2013; Magnuson 
et al., 2017) [46]. As a result, regulatory limits and usage 
conditions may vary between regions even for the same 
sweetener. 
The Acceptable Daily Intake is defined as the amount of a 
substance that can be consumed daily over a lifetime 
without appreciable health risk. It is expressed in milligrams 
per kilogram of body weight per day (EFSA, 2013). 
Acceptable Daily Intakes are derived primarily from animal 
toxicology studies. The process begins with identification of 
a no observed adverse effect level. This level represents the 
highest tested dose that does not produce harmful effects in 
the most sensitive toxicological endpoint. An uncertainty 
factor is then applied, which is typically set at 100. This 
factor accounts for differences between experimental 
animals and humans, as well as variability within the human 
population (Renwick, 1991) [65]. For example, long-term 
studies in rodents identified a no observed adverse effect 
level of 1,500 mg/kg body weight per day for sucralose. 
Application of the standard uncertainty factor of 100 
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resulted in the establishment of an Acceptable Daily Intake 
of 15 mg/kg body weight per day (JECFA, 2002; EFSA, 
2016). Similar approaches have been applied to other high-
intensity sweeteners. ADIs are intended as conservative 

guidance values for chronic lifetime exposure. Occasional 
intake above the ADI does not necessarily imply health risk, 
provided that average long-term intake remains below the 
established limit (Renwick, 1991) [65]. 

 
Table 1: Acceptable Daily Intake (ADI) recommendations for high-intensity sweeteners by international regulatory agencies 

 

Sweetener 
Acceptable Daily Intake (ADI) milligram per kilogram body 

weight per day (mg/kg/bw/d) 

JECFA (2002, 2016); EFSA (2010, 2013, 
2016); FDA (2008) 

FDA JECFA EU 
Acesulfame Potassium (ACE-

K) - E950 15 15 0-9 

Advantame (ADV) 32.8 NS NS 
Aspartame (ASP) 50 40 0-40 
Neotame (NEO) 0.3 2 --- 
Saccharin (SAC) 15 5 0-5 
Sucralose (SCL) 5 15 0-15 

Cyclamate (CYC) NS 11 0-7 
Differences in ADI values reflect variation in regulatory interpretation and assessment timelines. 
 
Aspartame provides a well-known example. The ADI for 
aspartame is 50 mg/kg body weight per day in the United 
States and 40 mg/kg body weight per day in the European 
Union as shown in Table 1. EFSA adopted the lower value 
after reviewing updated data on neurological and genotoxic 
endpoints (EFSA, 2013). Cyclamate represents a well-
known case of regulatory divergence. It was banned in the 
United States following early reports of bladder tumours in 
rodent studies. Subsequent evaluations indicated that these 
effects were species-specific and related to microbial 
conversion to cyclohexylamine. Despite the U.S. ban, 
cyclamate remains approved in many countries, including 
those in the European Union and Canada, with Acceptable 
Daily Intake values typically ranging from 7 to 11 mg/kg 
body weight per day (JECFA, 1982; Baines and DiNovi, 
2010; Kroger et al., 2006) [3, 41]. In recent years, regulatory 
agencies have faced increasing pressure to review ADI 
frameworks. Traditional evaluations focused on endpoints 
such as carcinogenicity, organ toxicity, and reproductive 
effects. Newer research has highlighted endpoints that were 
not central to earlier assessments. These include changes in 
gut microbiota, endocrine signalling, and metabolic 
regulation (Suez et al., 2014; Bian et al., 2017; 
Gopalakrishnan et al., 2024) [78, 5, 28].  
 
4. Absorption, Distribution, Metabolism, and Excretion 
(ADME) of High-Intensity Sweeteners 
Understanding absorption, distribution, metabolism, and 
excretion is essential for evaluating the safety of high-
intensity sweeteners (HIS). ADME characteristics determine 
systemic exposure, tissue distribution, and duration of 
biological interaction. These factors strongly influence 
toxicological relevance and interpretation of animal and 
human studies. HIS differ widely in chemical structure. As a 
result, their pharmacokinetic behaviour also varies 
substantially (Magnuson et al., 2017) [46]. 
 

4.1 General ADME Characteristics of High-Intensity 
Sweeteners 
Many artificial HIS show limited metabolic transformation 
in humans. After ingestion, they are either poorly absorbed 
or rapidly eliminated. This leads to low or transient systemic 
exposure. Sucralose is a well-studied example. Most 
ingested sucralose passes through the gastrointestinal tract 
unchanged and is excreted in faeces. A smaller fraction is 
absorbed and excreted unchanged in urine, indicating 
minimal metabolism (Magnuson et al., 2017 [46] 
Saccharin and acesulfame potassium follow a different 
pattern. These compounds are readily absorbed from the 
gastrointestinal tract. However, they undergo little or no 
metabolic transformation. They are rapidly eliminated 
through renal excretion. This results in brief systemic 
exposure with limited accumulation (Renwick & Nordmann, 
2007) [66]. 
Aspartame represents an important exception among 
artificial high-intensity sweeteners. It is completely 
hydrolysed in the gastrointestinal tract into phenylalanine, 
aspartic acid, and methanol. These breakdown products are 
absorbed and enter normal metabolic pathways. As a result, 
systemic exposure occurs to the metabolites rather than to 
intact aspartame (Oppermann and Ranney, 1979; EFSA, 
2013). This metabolic profile clearly distinguishes 
aspartame from most other high-intensity sweeteners. 
Natural high-intensity sweeteners, particularly steviol 
glycosides, follow a different metabolic pathway. These 
compounds are resistant to digestion in the upper 
gastrointestinal tract and are not absorbed in the small 
intestine. They reach the colon, where gut microbiota 
hydrolyse them to steviol. Steviol is then absorbed, 
conjugated in the liver to steviol glucuronide, and excreted 
mainly in urine (Renwick & Nordmann, 2007; EFSA, 2010) 
[66]. This pathway results in low systemic exposure to the 
parent compounds. 
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Fig 1: ADME pathways of high-intensity sweeteners 
 

4.2 Comparative Systemic Exposure and Local 
Gastrointestinal Effects 
ADME characteristics influence how toxicological data 
should be interpreted. Sweeteners that are extensively 
metabolised, such as aspartame, expose the body to common 
dietary metabolites. Comparative analysis of ADME 
profiles highlights substantial heterogeneity among HIS. 
Aspartame leads to rapid absorption of its metabolites and 
systemic exposure. This has raised concerns related to 
neurological and metabolic effects, particularly in 
susceptible individuals such as those with phenylketonuria 
(EFSA, 2013). In contrast, sucralose exhibits limited 
absorption and extensive excretion in unchanged form. 
Although systemic exposure is low, sucralose remains in the 
intestinal lumen for extended periods. This increases the 
potential for interaction with gut microbiota and intestinal 

epithelial cells (Magnuson et al., 2017) [46]. Saccharin and 
acesulfame potassium show moderate systemic exposure 
followed by rapid elimination. Their limited metabolism 
reduces the likelihood of bioaccumulation. 
Neotame and advantame are consumed in extremely small 
amounts due to their very high sweetness potency. They are 
rapidly metabolised and eliminated. As a result, systemic 
exposure is minimal. Available toxicological data indicate 
low concern at approved intake levels (Magnuson et al., 
2017) [46]. 
Cyclamate displays a more complex profile. A portion of 
ingested cyclamate can be converted by certain gut bacteria 
into cyclohexylamine as shown in Figure 1. This metabolite 
shows greater biological activity than the parent compound. 
Absorption, metabolism, and excretion profiles of some of 
high-intensity sweeteners are shown in Table 2. 

 
Table 2: Absorption, metabolism, and excretion profiles of high-intensity sweeteners 

 

Sweetener Absorption Metabolism Excretion Route 
Aspartame Complete Fully metabolised Urine, breath 
Sucralose Limited Minimal Faeces, urine 
Saccharin High None Urine 

Ace-K High None Urine 
Cyclamate Partial Microbial conversion Urine 

Steviol glycosides None (parent) Microbial hydrolysis Urine 
Sources: EFSA, 2013; Magnuson et al., 2017 [46] 
 
5. Health and Toxicological Concerns of High-Intensity 
Sweeteners 
High-intensity sweeteners (HIS) have undergone extensive 
toxicological testing before regulatory approval. Most have 
been considered safe when consumed within established 
Acceptable Daily Intake limits. Early evaluations focused on 
toxicity, organ damage, and carcinogenicity. Over time, 
assessment expanded to include genotoxicity, reproductive 
and developmental toxicity, neurotoxicity, and 
immunological effects (Roberts, 2015) [68]. 
 
5.1 Acute & Chronic Toxicity 
High-intensity sweeteners (HIS) are widely used because of 
their low or negligible caloric contribution. However, 

concerns persist regarding their potential acute and chronic 
toxicological effects (Diniz et al., 2022) [14]. Acute toxicity 
refers to adverse effects that manifest shortly after short-
term exposure, whereas chronic toxicity encompasses long-
term health effects resulting from prolonged consumption, 
even at relatively low doses. The nature and magnitude of 
these effects are highly dependent on the specific sweetener 
involved (Palmnäs et al., 2014) [58]. For instance, studies 
investigating the acute toxicity of aspartame in rats have 
reported potential neurobehavioral alterations. 
Administration of aspartame at a dose of 3 mg/kg/day for 
six weeks was associated with impaired passive avoidance 
learning compared with control animals (Erbaş et al., 2018) 
[23]. Similarly, neurobehavioral changes have been 
documented in the aquatic organism Daphnia magna 
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following exposure to sucralose and acesulfame-K at 
environmentally relevant concentrations (Wiklund et al., 
2023) [87]. Evidence of chronic effects has also been 
reported; a long-term study in Wistar rats demonstrated that 
continuous intake of acesulfame-K (0.015% in drinking 
water) significantly influenced body weight gain and 
glucose metabolism (Mendoza-Pérez et al., 2021 [50] 
 
5.2 Carcinogenicity 
Early concerns of carcinogenicity of HIS arose primarily 
from animal studies. For example, saccharin, in the 1970s, 
was linked to bladder cancer in male rats, leading to a ban in 
the US that was eventually lifted due to inconsistent 
epidemiological evidence in humans (Debras et al., 2022; 
Sharma et al., 2025) [12, 71]. Aspartame was classified as 
"possibly carcinogenic to humans" by the International 
Agency for Research on Cancer (IARC). Despite the 
classification, results of carcinogenicity of aspartame are 
inconsistent. In a study using a mouse model revealed that 
dietary aspartame did not influence the development, 
progression, or mortality associated with pancreatic acinar 
carcinoma. The research showed no significant differences 
in the proportion of tumor onset or the age at which tumors 
appeared among mice consuming a standard diet, aspartame, 
or stevia (Lopes et al., 2023) [11]. Nonetheless, studies on its 
effect on breast and pancreatic cancer, need further 
investigation (Han et al., 2024). Acesulfame K has been 
linked to increased overall cancer risk in some 
epidemiological studies (Debras et al., 2022) [12]. In 
conclusion, although epidemiological studies indicate 
association between intake of specific sweeteners with an 
elevated risk of cancers, other studies and systematic 
reviews have not consistently confirmed these findings 
(Abu-Zaid et al., 2025; Marchitti et al., 2025 [1, 49] 
 
5.3 Genotoxicity 
Genotoxicity testing is a core component of HIS safety 
evaluation. It assesses the potential for DNA damage, 
mutations, and chromosomal alterations. Approved HIS 
have been tested using standard assay batteries. These 
include bacterial reverse mutation tests, in vitro 
chromosomal aberration assays, and in vivo micronucleus 
tests. Studies on human peripheral lymphocytes have 
indicated aspartame and Acesulfame K at high 
concentration can induces DNA damage. Mechanism of 
interaction of Acesulfame K with DNA was studied, 
suggesting formation of DNA-Ace-K complex in the minor 
groove (Hadidi et al., 2023) [30]. The mechanisms by which 
some artificial sweeteners might exert genotoxic effects are 
still being investigated. Some sweeteners can interact 
directly with DNA, as suggested for Acesulfame-K and 
saccharin (Hadidi et al., 2023; Mansourian et al., 2020 [30. 

48]. Some factors may trigger oxidative stress or 
inflammatory reactions that indirectly result in DNA 
damage (Effenberger & Tilg, 2025).  
 
5.4 Reproductive and Developmental Toxicity 
Impact of HIS on reproductive health is another concerning 
area of research. Some studies suggest that they negatively 
impact fertility in both men and women (Atalay et al., 2025) 
[6]. One significant concern is the potential of these 
sweeteners to cross the placental barrier, leading to its 
exposure to fetus (Leth-Møller et al., 2023) [43]. Research 
has shown that HIS can appear in breast milk shortly after 

mothers consume diet soda, indicating a direct transfer route 
to infants (Halasa et al., 2020) [31]. For instance, sucralose 
and acesulfame K have been detected in infants following 
milk consumption, with their concentration influenced by 
the timing of milk intake after the beverage. Higher peak 
levels were observed when milk was consumed soon after 
the drink (Langevin et al., 2023) [42]. Prenatal exposure to 
artificial sweeteners has been linked to potential adverse 
effects on the growth and metabolic programming of 
offspring. Epidemiological studies have raised a significant 
concern such as a positive correlation between prenatal HIS 
exposure and an increased Body Mass Index (BMI) at one 
year of age (Halasa et al., 2020) [31]. Animal studies have 
provided further insights into these mechanisms. In rats, 
prenatal exposure to aspartame has been shown to induce 
metabolic and feeding behavior alterations in offspring 
(Toigo et al., 2015) [83]. These alterations may contribute to 
weight gain and an altered metabolic profile, a phenomenon 
that has also been observed with other non-illicit substances 
of abuse like high-fat diet, ethanol, and nicotine during 
gestation (Poon & Leibowitz, 2016) [62]. 
 
5.5 Neurotoxicity 
Various sweeteners seem to have distinct effects on 
cognitive function and brain activity. Frequent consumption 
of sucralose has been linked to noticeable declines in 
memory performance and executive functioning, along with 
changes in brain electrical activity, such as abnormal EEG 
patterns. In contrast, sucrose primarily affected encoding 
memory but did not cause widespread neurological changes, 
as EEG activity remained stable. Meanwhile, steviol 
glycosides exhibited no significant metabolic or 
neurological impact during the short-term study period, 
indicating a relatively neutral profile. These findings 
underscore the need for larger, long-term studies to validate 
these preliminary results (López-Meza et al., 2022) [45].  
 
5.6 Weight Management and Appetite 
HIS are widely adopted as sugar substitutes in various food 
products and beverages due to their intense sweetness and 
negligible caloric content (Xue et al., 2025) [89]. The 
rationale behind their use is to give a sweet taste without the 
calories of sugar. This can help with weight loss and 
controlling blood sugar, especially for people with diabetes. 
However, the relationship between HIS consumption and 
obesity is not straightforward. Epidemiological data have 
often suggested a direct association between HIS intake and 
increased body weight, glycemic status, and adiposity 
(Mallu et al., 2020; Pearlman et al., 2017; Shearer & 
Swithers, 2016) [47, 60, 72]. Chronic saccharin consumption 
has been shown to increase food intake and body weight 
gain in rats (Aoyama & Nagano, 2020) [2]. A meta-analysis, 
for instance, indicated that both sugar-sweetened beverages 
(SSBs) and artificially sweetened beverages (ASBs) are 
linked to an increased risk of obesity (Ruanpeng et al., 
2017) [69]. Despite strong associations in observational 
studies, establishing a causal link between HIS and 
metabolic syndrome risk factors remains challenging. Some 
studies suggest that while short-term replacement of sugar-
sweetened beverages (SSBs) with NNS can lead to reduced 
caloric intake and modest weight loss, long term effects are 
less clear and sometimes contradictory (Nadolsky, 2021) [53].  
Behavioural compensation refers to the phenomenon where 
individuals consuming HIS may inadvertently increase their 
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caloric intake from other sources, thereby negating the 
intended calorie reduction. This can occur due to several 
mechanisms. Artificial sweeteners may stimulate appetite, 
leading to increased caloric intake and a higher body mass 
index (Effenberger & Tilg, 2025) [17]. Another reason can be 
repeated consumption of artificially sweetened foods, which 
might alter the brain reward pathways, potentially increasing 
the preference for sweet tastes and driving increased 
consumption of other palatable, often calorie dense, foods 
(Roberts, 2015) [68]. The overall impact of HIS on weight 
and appetite is influenced by individual factors, dietary 
habits, and metabolic health (O’Connor et al., 2021) [54]. 
Therefore, it is crucial to cultivate a detailed understanding, 
recognizing that the long-term effectiveness and safety of 
HIS are still being actively investigated. Some research 
indicates possible negative impacts on metabolic health and 
cardiovascular risk. 
 
5.7 Gut Microbiota Alteration 
Although HIS were initially considered biologically inert 
due to limited gastrointestinal absorption and favored for 
their lack of calories, emerging studies now suggest they can 
induce dysbiosis (Hosseini et al., 2023) [34]. This has been 
linked to a range of adverse health outcomes, including 
inflammation, metabolic disturbances, and increased 
susceptibility to diseases such as inflammatory bowel 
disease (IBD) and type 2 diabetes (Conz et al., 2023) [9]. 
Studies suggests that even negligible amounts of artificial 
sweetener, that reaches the gut, can influence microbial 
diversity and activity, with potential negative effects on 
health (Plizga et al., 2024) [61]. Studies employ 16S RNA 
microbiota profiling and quantitative polymerase chain 
reaction (qPCR) analysis to dis cover alterations in the 
composition of gut microbiota. Studies on consumption of 
Aspartame, suggests that it significantly influenced the gut 
microbiota composition, with increase in total bacterial 
populations, particularly Enterobacteriaceae and 
Clostridium leptum. Additionally, an interaction was 
observed between aspartame and a high-fat diet, affecting 
Roseburia ssp. abundance and reducing the Firmicutes/ 
Bacteroidetes ratio (Palmnäs et al., 2014) [58].  In another 
study, it was found that consumption of sucralose at levels 
deemed acceptable for humans, over a period of 6 months, 
may disrupt gut microbial balance and lead to tissue 
inflammation. This is indicated by the presence of pro-
inflammatory genes in bacteria and changes in fecal 
metabolites (Bian et al., 2017) [5].  
 
6. Emerging Concerns and Research Directions 
Traditional toxicological assessments have supported the 
safety of HIS within established ADI limits. However, 
advances in nutrition science and systems biology have 
revealed potential concerns beyond classical endpoints. 
These concerns relate to real-world exposure patterns and 
biological complexity. 
One emerging issue in the safety evaluation of high-
intensity sweeteners is cumulative exposure. Consumers 
rarely ingest a single sweetener in isolation. Multiple high-
intensity sweeteners and other food additives are often 
consumed together within the same diet. Experimental and 
conceptual evidence suggests that combined exposure may 
influence gut microbiota composition and intestinal function 
more strongly than exposure to individual compounds alone 
(Gibney et al., 201) [27]. Current risk assessment frameworks 

rarely account for such mixture effects. Current regulatory 
frameworks usually assess additives individually. Combined 
exposure is not routinely evaluated. Technological advances 
in food formulation also raise new questions. Techniques 
such as encapsulation are used to improve stability and 
sensory quality of sweeteners. These approaches may alter 
absorption or interaction with biological tissues. The 
toxicological relevance of such modifications is not fully 
understood. 
Endocrine-related effects represent another area of scientific 
interest in the safety evaluation of high-intensity sweeteners. 
Experimental studies have explored potential interactions of 
certain sweeteners with hormone-related pathways under in 
vitro conditions. Regulatory evaluations of steviol 
glycosides have reported no evidence of biologically 
relevant endocrine effects in vivo at dietary exposure levels 
(EFSA, 2010). More broadly, endocrine-active compounds 
have been shown to exhibit non-linear dose-response 
relationships in experimental systems. Traditional 
Acceptable Daily Intake frameworks are based on threshold 
assumptions and monotonic dose-response models. These 
assumptions may not fully capture subtle biological effects 
that occur at low exposure levels. 
Vulnerable populations require special attention in 
assessments of high-intensity sweeteners. Infants, children, 
pregnant women, and individuals with metabolic disorders 
may differ in exposure patterns and physiological 
sensitivity. Evidence from human cohort studies suggests 
that maternal consumption of artificially sweetened 
beverages during pregnancy is associated with differences in 
infant gut microbiome composition and early growth 
outcomes, highlighting potential early-life programming 
effects (Richardson et al., 2022; Palatnik et al., 2020) [67-57]. 
Individual variability in response to non-nutritive 
sweeteners is increasingly recognised. In a controlled human 
study, consumption of saccharin and sucralose produced 
person-specific alterations in microbiome signatures and 
glycemic response, suggesting that genetic background and 
baseline microbiome composition influence metabolic 
outcomes (Suez et al., 2022) [78]. Reviews of clinical trials 
also indicate that baseline microbiota profiles may predict 
how individuals respond to sweetener exposure, with some 
showing impairment in glucose tolerance and others 
showing no significant effect (Gauthier et al., 2024) [26]. 
This supports the need for personalised approaches in 
nutrition and toxicology research. 
 
7. Conclusion and Future Outlook 
High-intensity sweeteners play an important role in modern 
food systems. Regulatory evaluations have generally 
concluded that approved HIS are safe within established 
ADI limits. These conclusions are supported by extensive 
toxicological testing. At the same time, new evidence 
highlights biological effects that extend beyond traditional 
endpoints. Gut microbiota modulation, metabolic signalling, 
and individual variability are increasingly recognised. These 
findings do not invalidate current safety conclusions. They 
highlight uncertainty and knowledge gaps. Future research 
should prioritise long-term human studies. These studies 
should integrate dietary assessment with clinical, 
microbiome, and molecular endpoints. Vulnerable 
populations should receive greater attention. Regulatory 
frameworks should continue to evolve. Incorporating 
cumulative exposure, emerging endpoints, and population 
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variability will strengthen confidence in safety assessments. 
In conclusion, HIS can be used safely within current 
regulatory limits. Ongoing scientific scrutiny remains 
essential. A compound-specific and evidence-based 
approach is required to guide future policy, research, and 
consumer guidance. 
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