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Abstract 

Artificial sweeteners are widely used as sugar substitutes in beverages, processed foods, and 

pharmaceutical products. Although they are generally considered safe within established 

acceptable daily intake levels, growing evidence suggests that some sweeteners may have 

previously underestimated health effects. This thesis provides a systematic literature review 

on the potential health risks associated with the sweeteners erythritol, sucralose, aspartame, 

cyclamate and acesulfame- potassium, by evaluating organizational guidelines and recent 

scientific findings. 

The literature search was conducted between September 2024 and November 2025 using 

PubMed, Google Scholar, and ScienceDirect. Included were studies examining metabolic 

pathways, toxicological effects, and physiological outcomes in humans, animals, or in vitro 

models. 

The review shows heterogeneous risk profiles. Erythritol has been associated with platelet 

activation and increased cardiovascular events in observational studies. Sucralose may affect 

T-cell function and shows potential genotoxicity through its metabolite sucralose-6-acetate 

in vitro. Aspartame may influence neuronal pathways via NMDA receptor activation, 

although human data remains limited. Cyclamate can be partly metabolized to 

cyclohexylamine, which is linked to reproductive toxicity at high doses in animal studies. 

For acesulfame- K, regulatory agencies currently consider intakes within the average daily 

intake to be safe, but newer studies suggest possible effects on the gut microbiota, metabolic 

regulation, and cancer risk that require further clarification. 

Overall, the findings partially support the hypothesis that high or chronic sweetener intake 

may pose health risks, particularly for vulnerable populations. However, many data come 

from experimental models or short-term studies, and observational findings are prone to 

confounding. Long-term, independent human research is therefore necessary to better 

characterize the safety of individual sweeteners, refine existing average daily intake 

recommendations, and provide clearer guidance for consumers. 
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Absztrakt 
A mesterséges édesítőszerek széles körben használatos cukorhelyettesítők italokban, 

feldolgozott élelmiszerekben és gyógyszeripari termékekben. Bár általában biztonságosnak 

tekintik őket a megállapított elfogadható napi bevitel szintjén belül, egyre több bizonyíték 

utal arra, hogy egyes édesítőszerek egészségügyi hatásait korábban alábecsülték. Ez a 

dolgozat szisztematikus irodalomáttekintést nyújt az eritritol, szukralóz, aszpartám, ciklamát 

és aceszulfám-kálium édesítőszerekkel kapcsolatos potenciális egészségügyi kockázatokról, 

szervezeti irányelvek és legújabb tudományos eredmények értékelése alapján. 

A szakirodalom áttekintése 2024 szeptemberétől 2025 novemberéig zajlott a PubMed, a 

Google Scholar és a ScienceDirect segítségével. A tanulmányok az anyagcsere-útvonalakat, 

a toxikológiai hatásokat és a fiziológiai eredményeket vizsgálták emberekben, állatokban 

vagy in vitro modellekben. 

A felülvizsgálat heterogén kockázati profilokat mutat. Az eritritol megfigyeléses 

tanulmányokban a vérlemezkék aktiválódásával és a szív- és érrendszeri események 

számának növekedésével hozták összefüggésbe. A szukralóz hatással lehet a T-sejtek 

működésére, és in vitro vizsgálatokban metabolitja, a szukralóz-6-acetát révén potenciális 

genotoxicitást mutat. Az aszpartám az NMDA-receptor aktiválása révén befolyásolhatja az 

idegsejtek működését, bár az emberre vonatkozó adatok még korlátozottak. A ciklamát 

részben ciklohexil-aminná metabolizálódik, amely állatokban nagy dózisokban 

reprodukciós toxicitással jár. Az aceszulfám-K esetében a szabályozó hatóságok jelenleg az 

átlagos napi bevitelet biztonságosnak tartják, de újabb tanulmányok szerint lehetséges 

hatások vannak a bélmikrobiótára, az anyagcsere-szabályozásra és a rák kockázatára, 

amelyek további tisztázást igényelnek. 

Összességében a megállapítások részben alátámasztják azt a hipotézist, hogy a magas vagy 

krónikus édesítőszer-bevitele egészségügyi kockázatot jelenthet, különösen a veszélyeztetett 

populációk számára. Az adatok azonban nagyrészt kísérleti modellekből vagy rövid távú 

tanulmányokból származnak, és a megfigyelési eredmények könnyen torzulhatnak. Ezért 

hosszú távú, független humán kutatásokra van szükség az egyes édesítőszerek 

biztonságosságának jobb jellemzéséhez, a meglévő átlagos napi bevitelre vonatkozó 

ajánlások finomításához és a fogyasztók számára egyértelműbb iránymutatások 

biztosításához. 
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1. Introduction 

1.1 Classification and definition of sweeteners   

Sweeteners are food additives that influence the taste of foods and beverages by making it 

sweeter. They are commonly used in soft drinks, desserts or chewing gum, for example [1]. 

Generally, sweeteners can be divided into two main groups. The first group comprises non-

caloric/ non-carbohydrate sweeteners, which includes non-nutritive sweeteners (NNS). 

These substances are often significantly sweeter than sugar, so only small amounts are 

needed. They provide almost no calories, include aspartame, cyclamate, sucralose or 

saccharin. A further characteristic of this group is that microorganisms in the oral cavity 

cannot ferment them, which is important because it helps prevent tooth decay. The second 

group consists of caloric/ carbohydrate sweeteners, such as sugar alcohols. These are similar 

or slightly less sweet than sugar and do contain calories. They  are widely used in sugar-free 

or reduced-sugar-products, such as xylitol [2].  

Sweeteners can also be classified as either artificial or natural.  

Artificial sweeteners are chemically synthetized and designed to mimic the taste of sugar, 

which makes them suitable for cooking and baking. A key feature is their low or zero calorie 

content, which is why they are often found in "sugar-free" or “diet” products. Although their 

popularity has increased substantially, concerns about potential adverse health effects have 

also grown. Some examples include aspartame, saccharin, sucralose, cyclamate and 

acesulfame-K. Natural sweeteners, in contrast, are less processed and derived from natural 

sources. However, they may still contain added sugar. Compared to artificial alternatives, 

they may offer additional nutrients such as antioxidants, vitamins, and minerals. Examples 

include agave nectar, honey, dates, or coconut sugar [3].  

Before a sweetener can be used in the European Union (EU), it must undergo safety 

evaluation by the European Food Safety Authority (EFSA). Approved sweeteners are 

labeled with an E-number [1]. 

 

1.2 Function  

Artificial sweeteners are primarily used to enhance the sweetness of foods and to reduce 

calorie content. They are also applied in healthcare and pharmaceutical products, such as 

toothpaste or dietary supplements. Individuals with type 2 diabetes and obese people often 

use artificial sweeteners because they contain no calories and no carbohydrates. However, 

some studies (Kossiva et al. [4]) suggest that artificial sweeteners can affect blood sugar 
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levels and may contribute to insulin resistance, but evidence remains inconclusive. The role 

of artificial sweeteners remains highly controversial, as many of the supposed benefits are 

contradicted by findings that suggest negative health effects [4]. 

 

1.3 Historical overview 

Honey was first used as a sweetener in Ancient China and Ancient Greece and is considered 

the earliest known sweetener. Later, sucrose, commonly named as table sugar, was 

discovered through sugar cane and partially replaced honey in many uses.  

In 1879, Remsen and Fahlberg discovered saccharine, the first artificial sweetener. It was 

widely produced during the First and Second World Wars because of its low production cost. 

After the Second World War, the fast-food industry experienced rapid growth and obesity 

emerged as a major public health concern, a problem that continues to this day. Since the 

1950s, the use of saccharin has evolved. Today, it is marketed primarily as a diet product 

rather than as a low-cost alternative. In the same year, cyclamate was discovered, which can 

be used alone or in combination with saccharin. Unlike saccharin, which often leaves a bitter 

aftertaste, cyclamate has a sweeter and more pleasant flavor. As sweeteners became more 

popular, further discoveries were made. In 1970, the Food and Drug Administration (FDA) 

banned cyclamate from the market in the USA.  

Over time, more sweeteners were developed and increasingly studied. To this day, 

sweeteners are critically scrutinized, and more and more people doubt their positive effects 

[5].  

 

1.4 Current stage  

The food industry generates a large profit from the sales of various sweeteners. Many 

consumers hope for health- related or dietary benefits, believing that artificial sweeteners 

can suppress appetite and therefore help with weight management. Nowadays, low-calorie 

diets are becoming increasingly popular, which often goes hand in hand with the zero and 

sugar-free trend [6]. Supporters from the food industry benefit from this. One of the strongest 

supporters of the industry is the International Sweeteners Association (ISA) [7]. Ajinomoto, 

a member of ISA, is a major producer of amino acids and also manufactures aspartame [8]. 

For several years now, researchers have been investigating the possible side effects of 

sweeteners. Some studies show that sweeteners pose potential health risks [9]. 

Noncommunicable diseases (NCDs) are said to be particularly affected. NCDs are chronic 
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diseases caused by a combination of our behavior, genetics, environment and physiology. 

They include conditions such as cardiovascular disease, diabetes and certain cancers. NCDs 

affect people of all ages around the world but are most prevalent among the elderly. Each 

year, approximately 41 million people die from NCDs. Low- calorie sweeteners have been 

associated with metabolic risk factors such as obesity, hyperglycemia, hyperlipidemia and 

elevated blood pressure. These factors and their changes influence the risk of NCDs [10]. 

For this reason, in 2023 the World Health Organization (WHO) once again evaluated the 

acceptable daily intake (ADI) of sweeteners based on current scientific evidence [9]. The 

ongoing conflict between economic interests, such as those represented by the ISA, and 

scientific findings from organizations like the WHO, highlights the importance and 

controversy of this topic.  

This thesis offers an overview of the potential health risks associated with the selected 

sweeteners, which leads to the following research objectives.  
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2. Objectives  
Sweeteners are becoming increasingly popular. Many different organizations are looking 

into the use of sweeteners and their effects. More studies are uncovering possible side 

effects. Based on previous research and theoretical foundations, it can be hypothesized that 

the regular consumption of sweeteners may increase the risk of health issues, including heart 

attacks and strokes, metabolic disorders and issues with the immune system. Furthermore, 

there are concerns about potential genotoxic effects of certain sweeteners, although current 

evidence remains inconclusive. 

JECFA (Joint FAO/ WHO Expert Committee on Food Additives) has published guidelines 

regarding the ADI levels for various sweeteners. However, many people consume 

sweeteners without paying attention to this recommended amount.  

This raises the following questions:  

1. Is there a risk of adverse health effects when consuming sweeteners within the 

recommended ADI limits?  

2. How high is the risk of health problems when intake exceeds the recommended 

limits? 

3. How do various artificial sweeteners affect health? 

To address these research questions, a systematic approach was chosen, which is outlined in 

the following methodology section.   
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3. Materials and methods 
3.1 Study design 

This thesis is purely a literature review and is based on studies. The aim of this work was to 

collect current studies and literature on the topic “risks of sweeteners”. The focus was on the 

different positions of various organizations, as well as on the sweeteners erythritol, 

sucralose, aspartame, cyclamate and acesulfame potassium.  

Erythritol, sucralose, aspartame, cyclamate and acesulfame-potassium were chosen because 

these sweeteners have received the most scientific attention regarding potential health risks 

in recent years and because they represent different chemical classes (sugar alcohol, 

chlorinated disaccharide, dipeptide, and cyclohexyl sulfamate, respectively). 

 

3.2 Information sources 

The literature search was conducted from September 2024 to November 2025, using 

electronic databases, including Google Scholar, PubMed and ScienceDirect. Additional 

information was obtained from reports by various organizations, such as the WHO, EFSA, 

FDA, and ISA. Reference management and organization of the literature were supported 

using Zotero, which allowed structured storage, categorization and annotation of the selected 

literature. 

 

3.3 Search strategy 

The search process followed a systematic and transparent approach. For each sweetener and 

for the organizational evaluations, specific search terms were defined in advance and applied 

consistently across all databases. The exact search terms, date ranges and database 

combinations are documented in Tables 1–7. Search queries were constructed using logical 

operators such as AND and OR to ensure that both broad and specific aspects of each topic 

were captured. Although no formal time restriction was set, recent publications from 

approximately 2010 to 2025 were prioritized to reflect the current state of scientific 

knowledge. The tables in the Methods section provide a detailed overview of how each 

search was conducted, which ensures reproducibility of the review process.  
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Search strategy: 
Table 1: Databases and search terms for WHO, EFSA, FDA, and ISA 

Step Organizations with guidelines 

Date 8.09.2025- 14.09.2025 

Search terms Google Scholar: WHO, ISA, EFSA 

sweetener evaluation, FDA GRAS 

sweeteners, JECFA ADI 

è Guideline and position papers from 

WHO, EFSA, FDA and ISA 

 
Table 2: Search strategy for erythritol 

Step Erythritol 

Date  24.10.2024- 15.11.24, 22.04.25 

Search terms Google Scholar: Erythritol, Erythrol heart 

attack, Erythritol cardiovascular risk, 

Erythritol metabolism, Erythritol 

absorption 

è Initial screening for cardiovascular 

health risks 

 

PubMed: Erythrol risks, Erythritol platelet 

aggregation (15.11.24), ARIC study 

erythritol, Nature Medicine erythritol 

(22.4.25) 

è Identification of peer- reviewed 

studies and specific cohort data 

related to cardiovascular events 

 

ScienceDirect: Erythritol, Erythritol risks, 

Erythritol cardiovascular risk 

è Review articles and mechanistic 

studies  
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Table 3: Search strategy for sucralose 

Step Sucralose 

Date  05.03.25- 18.08.25 

Search terms Google Scholar: Sucralose, immune 

system, T cells, CD4, CD8, Sucralose 

immune system, Sucralose T-cell 

è Immunological studies and T-cell 

function 

 

PubMed: Compound sucralose, Sucralose 

metabolism, Sucralose absorption 

(05.03.25) 

è Identification of mechanistic and 

toxicological data 

 

ScienceDirect: Sucralose, Sucralose risks, 

Sucralose cancer risk, Sucralose leukemia 

Jurkat cells 

è Reviews and supplementary 

toxicological information 

 

 
Table 4: Search strategy for Sucralose-6- acetate 

Step Sucralose- 6- acetate 

Date  2.09.25- 8.09.2025 

Search terms PubMed: Sucralose-6-acetate, Sucralose- 

6- acetate genotoxicity 

è In vitro studies on genotoxic and 

clastogenic effects 
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Table 5: Search strategy for aspartame 

Step  Aspartame 

Date  19.08.25- 1.11.25 

Search terms  Google Scholar: Aspartame, Aspartame 

health risks, Aspartame metabolism, 

Aspartame degradation, Aspartame 

epidemiology, Cohort study 

è General health risks, metabolism 

and epidemiological data 

PubMed: Aspartame neurotoxicity, 

Aspartame carcinogenicity, Aspartame 

excitotoxicity, IARC 2023, Aspartame 

phenylketonuria PKU 

è Cancer risk, neurological effects 

and vulnerable populations (PKU, 

pregnancy)  
 

Table 6 : Search strategy for cyclamate 

Step Cyclamate 

Date  1.11.25- 8.11.2025 

Search terms PubMed: Cyclamate metabolism, 

Cyclamate toxicity, Cyclamate 

cyclohexylamine, Cyclamate reproductive 

toxicity, Cyclamate kidney liver toxicity, 

Cyclamate Renwick, Cyclamate safety 

EFSA, Cyclamate bladder cancer rats 

Google scholar: Cyclamate toxicology, 

Cyclamate metabolism  

è Identification of human metabolism 

studies, toxicological data, CHA 

conversion rate, and long-term 

safety assessments 
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Table 7: search strategy for acesulfame- potassium 

Step Acesulfame- potassium 

Date  8.11.25- 17.11.25 

Search terms Google scholar: Acesulfame-K 

metabolism, Acesulfame-K microbiota, 

Acesulfame-K genotoxicity, Acesulfame-

K cancer, EFSA acesulfame-K, E950, 

Acesulfame evaluation, Food additive 950 

re-evaluation 

è Overview general health risk, 

updated EFSA re-evaluation from 

2025 

PubMed: Acesulfame potassium AND 

(toxicity OR safety OR metabolism OR 

gut microbiota OR cancer risk OR health 

effects) 

ScienceDirect: Acesulfame potassium, 

Acesulfame potassium metabolism, 

Acesulfame potassium toxicology 

è In vitro studies 

 

3.4 Study selection process 

For this review, studies were included if they provided data on adverse effects of sweeteners 

or investigated their impact on humans, animal models, or relevant biochemical pathways, 

including receptor interactions or cellular stress responses. Publications were excluded when 

they were non-scientific in nature, such as opinion-based articles or sources without 

appropriate referencing, when they were not available in English or German, or when their 

content was unrelated to the scope of this review. 

The selection of studies followed a structured three-stage process. First, the initial database 

searches yielded 356 records. After removing 102 duplicates, 254 unique publications 

remained. In the next step, the titles and abstracts of these publications were screened, which 

resulted in the exclusion of 198 sources that did not meet the basic eligibility criteria. In the 
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final stage, 56 full-text articles were assessed for their suitability based on relevance, data 

quality and methodological clarity. 30 of these full texts were excluded because they did not 

address health outcomes related to the target sweeteners, used inappropriate study designs, 

did not provide mechanistic or clinical information. In the end, 26 studies met all criteria and 

were incorporated into the qualitative analysis. The complete flow chart of the selection 

process is illustrated in Figure 1. 

 

Figure 1: screening method for study selection  

 

3.5 Data extraction 

After determining the final set of eligible studies, information was extracted systematically 

according to predefined categories, which are presented in Table 8. For each publication, 

data were collected on the study type, chemical and functional properties of the sweetener, 

metabolic pathways, doses used in comparison with ADI values, reported health outcomes 

and mechanistic findings, as well as any limitations described by the authors. This structured 

extraction process made it possible to compare the different studies consistently and to 

identify common patterns, discrepancies and gaps in existing literature.  
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Table 8:Data extraction categories and parameters used for study evaluation 

Category Extracted parameters Purpose 

Information of the study  Author, year of publication, 

country, study type (in vivo, 

in vitro, cohort, review) 

Basic identification of each 

study and context 

Characteristics of 

sweeteners 

Chemical structure, 

classification (NNS, sugar 

alcohol), sweetness, typical 

applications 

Allows overview about the 

sweeteners and comparison 

between sweeteners 

Metabolism  Metabolic pathways, 

metabolic by-products, 

excretion way 

Identifies mechanisms 

relevant for toxicity and 

health effects 

Dosage  Administered dose, 

duration, comparison with 

ADI 

Checking if findings are 

relevant for typical human 

consumption 

Health outcomes  Cardiovascular, immune 

outcomes, neurological 

effects, reproductive 

problems 

Main effect categories for 

synthesis 

Mechanistic findings Pathway activation, receptor 

interactions, enzyme 

activity, molecular markers 

(platelet aggregation, 

clastogenicity)  

Allows link between 

observed effects and 

biological mechanism 

Study limitation Sample size, study design, 

duration, relevance to 

humans 

Required for quality 

evaluation 

 

The extracted data were synthesized narratively, with particular attention to the quality, 

relevance and methodological strength of the available studies. In the analysis, the 

transferability of animal and in vitro results to humans, the dose- response relationship, and 

the context of realistic human exposure were considered. Furthermore, the interpretation of 

findings considered the presence of possible conflicts of interest, especially in studies funded 



 19 

by the food or sweetener industry. By combining the structured extraction with a critical 

evaluation of research quality, the analysis provided a balanced and transparent overview of 

the current evidence regarding the health risks associated with the examined sweeteners. 

 

3.6 Risk of bias assessment 

The included studies were assessed for potential sources of bias using a narrative approach, 

as the heterogeneity of study designs did not allow for a standardized scoring system. 

Attention was given to possible funding bias, especially in studies supported by the food or 

sweetener industry, as well as to limitations in study design, such as small sample sizes, lack 

of randomization or unclear outcome measures. In observational studies, the adequacy of 

adjustments for confounding variables, including metabolic status, diet and lifestyle, was 

evaluated. Additionally, the transferability of in vitro and animal data to human physiology 

was critically considered. This assessment helped to consider the strength of the available 

evidence and to identify where findings should be interpreted with caution.  

 

3.7 Synthesis of results 

The results of the included studies were synthesized narratively due to substantial variability 

in study design, exposure levels and endpoints, which made quantitative pooling 

inappropriate. For each sweetener, the synthesis focused on how reported effects related to 

dose, biological plausibility and established ADI values. Mechanistic findings from 

experimental studies were integrated with observational human data to provide a coherent 

overview of potential health effects. This approach allowed consistent patterns, 

discrepancies and remaining uncertainties to be identified and forms the basis of the thematic 

analysis in the Literature Review.   
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4. Results 
The search strategy presented in the methods section yielded a set of relevant publications, 

which were analyzed thematically in the following literature review.  

 

4.1 Organizations with guidelines: 

Many organizations recommend minimizing or stopping the consumption of all types of 

sugar. The approval of a sweetener for marketing is regulated differently around the world. 

A distinction is made between global, European Union (EU), and United States (US) 

regulations.  

At the global level, the JECFA, which deals with the Codex Alimentarius Commission 

(CAC), is particularly important. JECFA consists of a panel of experts from the Food and 

Agriculture Organization (FAO) and the WHO. Together, they also set the ADI, which can 

be used as a scientific reference for the EU and US, see table 9. The global approval of 

sweeteners is based global on four standard principles, which are:  

 

1. Hazard identification 

2. Hazard characterization 

3. Exposure assessment 

4. Risk characterization. 

 

In the EU, the approval of sweeteners is regulated by Regulations (EC) No. 1333/ 2008 and 

(EU) No. 497/ 2014. At the EU level, a reevaluation has been underway since 2010, actively 

collecting data to update the information. In the US sweeteners are approved by the FDA 

through the “Generally Recognized as Safe” (GRAS)- system [11]. 

This means that the GRAS system is somewhat more flexible, as everything is generally 

considered safe until proven otherwise. More specifically, approval can be approved if there 

is a consensus among qualified experts that the substance is safe under intended conditions 

of use. In contrast, in the EU, approval procedures are stricter and are regulated by the 

European Commission and scientifically evaluated by the EFSA. Differences between EFSA 

and FDA assessments partly explain the different ADI quantities specified by the EU and 

the USA.  

 

 



 21 

Table 9: Comparison of ADI values for selected sweeteners; Source: adapted from EFSA, JECFA, [11] and EFSA’s  re-
evaluation [30] 

Sweetener E-number ADI EU (EFSA) ADI USA (FDA/ 

JEFCA) 

Sucralose E955 15 5 

Aspartame E951 40 50 

Cyclamates E952 7 Not approved 

Saccharine E954 5 15 

Advantame E969 5 32,8 

Acesulfame- K 

(2025-Update)  

 15 15 

ADI: mg/Kg/. body weight/day 

 

4.1.1 World health organization (WHO) 

The WHO, which has been concerned with health since 1948, suggests reducing free sugar 

consumption to a maximum of 5-10 percent of total daily energy intake. The organization is 

talking specifically about added sugars, known as “free sugars”. The reason for this is that 

sugar consumption is too high in almost all EU countries. One possible way to reduce 

sweeteners consumption is to replace sugar with “intense sweeteners”, which refers to 

artificial sweeteners [12]. However, on May 15, 2023, a new WHO guideline on non- sugar 

sweeteners (NSS) was published. This means that the organization is speaking out against 

the use of artificial sweeteners, especially when used to lose weight and reduce NCDs. The 

reason for this is the increasing number of emerging long-term effects, such as type 2 

diabetes and cardiovascular diseases. The new guideline recommends the consumption of 

natural sugars, such as fruits [13]. 

 

4.1.2 International Sweeteners Association (ISA) 

In addition to the WHO, the ISA has also addressed the issue of low-calorie sweeteners. The 

ISA criticized the new WHO guidelines. They accuse the organization of hindering the 

containment of increasing NCDs due to insufficient studies. They point out that it is 

contradictory that UN member countries are committed to fighting NCDs [14]. 

The difference between the WHO and the ISA is particularly evident in the composition of 

their members. WHO members consist of medical and scientific professionals from different 

countries and members from all over the world. ISA members include primarily of food and 
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beverage companies such as Ajinomoto, Cargill, Tate& Lyle, PepsiCo, Coca-Cola, Mars 

Wrigley, and the whole Earth Brands. All these companies earn their money by selling 

sweeteners and low- calorie products [7]. The issue is controversial and will remain a hot 

topic for years to come.  

After discussing the different organizations and their guidelines on the use of sweeteners, 

the following section focuses on the sweetening agents themselves. It provides an overview 

of their characteristics, metabolism and potential health effects based on current scientific 

research.  

 

4.2 Erythritol 

Characteristics and use 

An important sugar alcohol that is coming under increasing criticism is erythritol. It contains 

four carbon atoms and a meso-butanetetrol. Erythritol is commonly produced by 

fermentation in the food industry, for example in soy sauce, cheese or wine, but it also occurs 

naturally in the environment, for example in watermelon, grapes or mushrooms. It can also 

be found in animal and human tissues and body fluids such as cerebrospinal fluid, blood and 

urine. Erythritol is approved in most countries. [15]. According to the EFSA re-evaluation, 

erythritol has an ADI of 0.5 g per kilogram of body weight [15]. However, earlier evaluations 

and tolerance data reported in the literature indicate that daily intakes of approximately 0.5 

g per kilogram of body weight are generally well tolerated and do not lead to gastrointestinal 

adverse effects. In the United States, erythritol is classified as GRAS by the FDA [16]. 

 

Metabolism and degradation 

The metabolism of erythritol is different from that of many other sweeteners. Erythritol is 

absorbed almost completely in the small intestine by passive diffusion. It is then distributed 

throughout the body and around 90% of erythritol is excreted unchanged with the urine. The 

parts of the sweetener that are not absorbed by the small intestine are fermented in the colon. 

Due to this property, many positive effects have been attributed to this sweetener. For 

example, it is said to be easier to digest and lead to less borborygmi. [17] According to more 

recent studies it is now assumed that erythritol is not completely absorbed in the small 

intestine, but that part of it is absorbed in the pentose phosphate pathway, although this 

requires further confirmation [18]. 

Recent studies have found a link between erythritol and heart attacks and strokes.  
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Results from studies 

On 27 February 2023, Nature Medicine published a study about erythritol and a possible 

link to heart attacks and strokes, with a potential negative effect on endothelial function, 

which regulates blood pressure and general vascular health. Type 2 diabetics and obese 

patients are predisposed to these types of problem, which means that these groups are at 

higher risk.  

The study was based on the observation of high-risk people, such as the elderly or 

predisposed people, and non-predisposed participants consuming erythritol and checking the 

effects on the cardiovascular system over three years.  

The study was conducted on three different groups. The first group, the “discovery cohort”, 

consisted of 1157 participants. In these participants, a correlation was found between high 

erythritol levels and major adverse cardiovascular events (MACE: death, myocardial 

infarction and stroke).  

The second group, the “validation cohort”, was divided into 2149 patients from the USA and 

833 European participants. These two groups were designed to confirm the results of the 

“discovery cohort”, which they did. The higher the erythritol concentration in the blood, the 

greater the number of cardiovascular events [19].  

In another study [19], healthy volunteers were tested. As cardiovascular diseases are often 

accompanied by a change in the platelets, the scientists wanted to examine these more 

closely. In the analysis, they were able to see that the thrombocytes activated by erythritol, 

became more strongly aggregated, forming thrombotic clots. This result suggests a higher 

risk of heart attacks and strokes.  

To consolidate these results, this effect was tested on mice. In this experiment, the animals 

were given erythritol and the effect on the thrombocytes was investigated. Erythritol 

activated platelets in mice as well and led to blood clot formation.  

In the last experiment, 8 volunteers drank a drink containing erythritol. The erythritol 

concentration in their blood increased within 2 days. In addition, it was also observed that 

platelets were more active than usual, which may increase the risk of heart diseases and 

strokes  [19]. 

In 2025, a new study was published by Abushamat et al. [18], from an American college of 

cardiac foundation, which came to very similar conclusions to Witkowski et al. [19]. In the 

study 4006 older adults were observed for about 8 years to see if erythritol and erythronate 

in the blood were linked to heart diseases. Erythronate is a downstream oxidation product of 

erythritol that appears in human circulation and may serve as an additional biomarker of 
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altered pentose–phosphate metabolism. The main result of the study was that older people 

with higher levels of erythritol and erythronate in their blood had a larger risk of heart 

problems and death  [18]. 

As illustrated in Figure 2, higher erythritol and erythronate concentrations were consistently 

associated with an increased risk of heart failure, stroke, coronary heart disease, and total 

mortality in older adults. The hazard ratios remained elevated even after adjustment for 

classical cardiovascular risk factors, suggesting that these metabolites may capture 

additional aspects of cardiometabolic risk.  

 
Figure 2: Association of erythritol and erythronate with cardiovascular outcomes in older adults (Abushamat et al. [18]) 

 
Evaluation of the research situation 

In many studies, the focus was predominantly on the effects on the cardiovascular system. 

However, these effects are increasingly being confirmed by more studies, as the above- 

mentioned experiments show. Although, there are also criticisms and gaps in the research.  

In the first study, by Witkowski et al. [19], several independent experts pointed out that the 

study size was very small and that more research is needed. This means that more long-term 
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studies are needed. Similarly, animal studies and in vitro experiments provide mechanistic 

insights but have limited generalizability to humans.  

Elevated plasma erythritol has been associated with cardiovascular events in observational 

cohorts. However, it remains unclear whether erythritol intake itself contributes to this risk 

or whether increased levels primarily reflect underlying metabolic dysfunction, such as 

altered glucose or lipid metabolism. The available evidence therefore suggests a potential 

association rather than a proven causal relationship, and large-scale randomized controlled 

trials are needed to determine whether dietary erythritol intake directly increases 

cardiovascular risk [19]. Regarding the research question of the thesis, according to recent 

research findings, erythritol has potential side effects.  

In contrast to erythritol, which is mainly associated with thrombotic mechanisms, sucralose 

raises questions regarding immune function and possible genotoxicity. These aspects are 

discussed in the following section.  

 

4.3 Sucralose 

Characteristics and use 

Sucralose is a commonly used artificial sweetener and a chlorinated derivative of sucrose. It 

is found in various food products, such as tea or coffee sweeteners, chewing gum, frozen 

desserts and baked goods. Sucralose belongs to the groups of non- digestible and non- caloric 

sweeteners, as the body cannot break it down for energy. It can act as a xenobiotic, meaning 

it is a foreign compound to human metabolism. The chemical modification that converts 

sucrose into sucralose makes it much sweeter, 600 times sweeter than sucrose  [2]. 

 

Metabolism and degradation 

The metabolism of sucralose is controversial. For a long time, it was assumed that after oral 

intake of sucralose, for example through beverages, the majority passes through the 

gastrointestinal tract unchanged and is excreted in the stool. Only a small portion was 

thought to be converted into sucralose-6-acetate, which is undesirable. However, more 

recent studies show that sucralose is converted into sucralose-6-acetate to a greater extent 

than previously assumed, and as a result, more of it is absorbed by the body. Some in vitro 

studies have shown that sucralose-6-acetate exhibits genotoxic properties. While these 

findings have initiated hypotheses about a potential transfer into breast milk, this possibility 

has not been demonstrated in vivo and remains purely speculative [20].  
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Figure 3: Chemical structure of sucralose and sucralose-6- acetate; source: Source: adapted from Schiffman et al., [20] 

 
Figure 3. compares the chemical structures of sucralose and its chlorinated metabolite 

sucralose-6-acetate. The additional acetyl group in sucralose-6-acetate is relevant because it 

has been associated with genotoxic effects in vitro assays, where it induced DNA strand 

breaks and exhibited signs of clastogenicity. This structural modification may therefore 

contribute to the different biological activity observed between the parent compound and its 

metabolite. 

 

Results from studies 

Like many other sweeteners, sucralose has been tested for years to assess potential side 

effects. A new study, published by Zani et al. [21], on March 15, 2023, suggests that 

sucralose may influence the immune system.  

In this study, the effects of sucralose on T- cell function were tested [21]. T-cells, a type of 

leukocyte, are produced in the bone marrow and mature in the thymus. They regulate the 

specificity in the response to foreign material, such as bacteria.  Naïve T- cells circulate in 

the bloodstream and lymphatic organs, where they differentiate into CD4- positive (helper) 

or CD8- positive (cytotoxic) T-cells. Both cell types are important for the active immune 

reaction. CD4+ T cells, also called helper cells recognize antigens presented by MHC- class 

II and CD8+ T-cells recognize antigens presented by MHC-class- I molecules and kill 

infected cells. The immune system is essential for our body. It protects our body from foreign 

or harmful material, like bacteria or tumor cells [22]. Which means it is very important to 

control the effects of sucralose on the immune system. 

The experiment was carried out on mice. The ADI for sucralose is 15mg per kg by EFSA, 

and 5mg per kg in humans by FDA (see table 9). In this study, mice were administered higher 

intake levels than the recommended dose of sucralose and related compounds, such as 

sodium saccharine (NaS) and acesulfame potassium (Ace-K). The focus of the study was to 
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examine how sucralose affects the T- cell proliferation, differentiation and signaling, mainly 

on CD8+ T-cell responses in autoimmune conditions, infection and cancer. 

The results indicated that sucralose may have both neutral and negative effects, with a 

potential positive effect that cannot be ruled out.  

Sucralose had no impact on the amount or activity of the immune cells, including dendritic 

cells, natural killer cells, T cells and B- cells. In the production of inflammatory cells by 

macrophages was also no change visible.  

The negative effect of sucralose was the inhibition of the proliferation of both CD4-positive 

and CD8- positive T- cells in a dose dependent manner, which means it was observed in 

high- but also in low doses of sucralose. This inhibition interfered with the T- cell receptor 

signaling and the mobilization of intracellular calcium [21]. In a functional immune system, 

T- cell receptor activation triggers phospholipase C, which leads to the production of Inositol 

triphosphate (IP3). This molecule opens the calcium channels, increasing the amount of 

calcium in the cytoplasm. The calcium influx has an effect on nuclear factor of activated T- 

cells (NFAT), which in turn stimulates the proliferation and differentiation of T- cells [22].  

The study found that sucralose may impact this mobilization. To understand where sucralose 

influence the calcium, further experiments were added. In these experiments sucralose had 

an impact on the PLC Gamma 1- dependent and T- cell receptor intracellular calcium release. 

This effect was also observed when T- cells were co- stimulated with anti- CD3 and anti- 

CD 28 antibodies with the application of sucralose, but also with other sweeteners like NaS 

and Ace-K. Furthermore, sucralose reduced the polarization of both CD4- positive T-helper 

1 cells and CD8- positive effector cells toward interferon- gamma producing lineages, which 

are critical for immune defense. A potential positive effect was observed. sucralose may 

reduce the proliferation of certain T- cells, like CD4- positive and CD8- positive T-cells. 

CD4+ and CD8+ T-cells are important for the immune system but this means also it could 

have a regulatory effect on the immune system, potentially dampening overactive immune 

response. This could be relevant for autoimmune diseases or even cancer therapy. Sucralose 

also reduced the proliferation of Jurkat T- cell leukemia cell line [21]. The Jurkat cell line 

originates from the peripheral blood of a patient with T- cell leukemia and is commonly used 

in cancer research to study T- cell function. This suggests that sucralose might have potential 

as an immunomodulating agent in cancer therapy, through further research is needed [23]. 

In further experiments, it was found that sucralose had no significant effects on insulin levels 

or glucose tolerance in mice. Minor changes were observed in glucose- treated mice. In 

addition, the effects on the microbiome were investigated, as previous studies concluded that 
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sucralose affects the microbial composition. In this study, no change in the microbiome, 

neither diarrhea, was observed [21]. 

In addition to this study [21], other articles have been published that also come to critical 

conclusion about the effects of sucralose. A review published by Taylor and Francis in 2023 

cites several studies that shows that sucralose may have more negative effects on the body 

than previously thought. In particular, the breakdown product sucralose-6-acetate shows 

genotoxic effects in the experiment by Schiffman et al. [20]. These findings, however, are 

limited to in vitro experiments and cannot be directly extrapolated to humans. The 

experiment was used to investigate the genotoxic effects. The analysis focused on whether 

sucralose-6-acetate caused clastogenic damage (structural chromosome alterations) or 

aneugenic effects (changes in chromosome number).  

To evaluate the experiment, certain parameters were applied to TK6 cells, namely:  

 

1. Phosphorylated histone = sign of broken DNA, refers to clastogenic effect 

2. Tumor protein p53, which has been relocated in the nucleus = sign that DNA is not 

responding correctly, refers to cellular reaction 

3. Phospho- histone- 3 = indicator of aneugenic effect; refers to chromosomes break 

down 

 

TK6 cells are lymphoblastoid cells of human origin. The results showed that sucralose-6 

acetate is clastogenic and causes DNA breaks at  ³ 1.607mM. This can have an impact on 

inflammatory reactions, oxidative stress and cancer [20]. A systematic review and meta- 

analysis by Imamura et al. [24], also suggested an association between artificially sweetened 

beverages and increased risk of type 2 diabetes, though causality could not be established.  

 

Evaluation of the research situation 

Overall, the experiments published by Zani et al. [21] show a negative effect of increased 

sucralose intake on the immune system in mice. A negative effect of sucralose on the 

microbiome, glucose metabolism, or insulin could not be determined.  

In addition, further studies [20] show that the breakdown product sucralose-6-acetate 

influences DNA, which can then also have an impact on future generations. Further 

experiments have also come to this conclusion, reinforcing the suspicion of possible side- 

effects. However, the experiments mentioned were conducted in vitro and therefore has not 
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yet been confirmed in vivo in animals or humans. Further research and specifically further 

in vivo human studies are needed. 

Taken together, while sucralose is regarded as safe at intakes within the established ADI 

(EFSA: 15 mg/kg body weight/ day; FDA:  5mg/kg), emerging evidence highlights possible 

immunological and genotoxic risks that justify further research. 

Beside sucralose, aspartame is one of the most used sweeteners. Due to its unique 

metabolism and potential neurotoxic effects, it is examined in the next section. 

 

4.4 Aspartame 

Characteristics and use 

Aspartame was discovered by accident in 1965 during an experiment conducted by James 

Schlatter and Robert Mazur. It turned out to be a methyl ester of L- aspartic acid and L- 

phenylalanine and is approximately 188 times sweeter than sugar. Since 1979, studies have 

been conducted repeatedly to investigate the effects of aspartame on the body. The current 

suspicion is that aspartame may have neuropsychiatric and neurotoxic effects and may be 

carcinogenic. The consequences are said to be particularly noticeable in men and when 

consumed in large amounts. In Europe the ADI is 40mg/ kg body weight/day. In addition, 

certain groups are advised to exercise caution. Individuals with PKU must avoid aspartame 

completely, since they cannot metabolize phenylalanine. Pregnant women are sometimes 

advised to limit the intake, although clear evidence of harm in this group is lacking. In 

general aspartame is present in chewable multivitamins, soft drinks or yoghurts and in 600 

types of medicines. Millions of people consume worldwide aspartame, which makes it an 

important topic [25].  

 

Metabolism and degradation 

The conversion of aspartame in the body after consumption is shown in the Figure 4. After 

ingestion, for example through soft drinks, yoghurts or dessert mixtures, aspartame is 

digested by esterase, peptidases and other digestive enzymes, particularly in the small 

intestine. In the lumen of the small intestine, alpha- aspartame is broken down into three 

main parts. These include phenylalanine, aspartate and methanol. Methanol is further 

converted to formaldehyde, then to formate, which is eventually converted to carbon dioxide 

and excreted. Phenylalanine is further broken down into tyrosine and subsequently to 

catecholamines. It may also yield phenylethylamine. Aspartate can also be converted to 

oxalacetate via the tricarboxylic acid (TCA) cycle. The conversion of oxalacetate and 
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aspartate can influence gluconeogenesis and urea cycle. Aspartate is a carboxylate anion of 

aspartic acid, which is important for the conversion of neurotransmitter such as glutamate. 

If glutamate occurs in increased amounts, this can have negative effects on the nervous 

system. In addition, N-methyl-D-aspartate (NMDA) receptors can be activated if there is too 

much aspartate, which can also have negative consequences for the central nervous system. 

The figure also shows that too much aspartate can cause oxidative stress. This can result in 

reduced activity of antioxidant enzymes, which can lead to further damage to organs [25]. 

 

 
Figure 4:Metabolic pathways and degradation products of aspartame; Source: Shaher et al.  [25] 

 
Results from studies 

In an experiment conducted by Shaher [26] the neurological effects of aspartame were once 

again specifically investigated. In the experiment, selected cell lines, CHO-K1 and 

HEK293T, were genetically modified so that they could alter the NMDA receptor. NMDA- 

receptors react physiologically to glutamate. The problem is that when they are activated too 

strongly or for too long, calcium flows into the cells. This leads to stress reactions and free 

radicals, which cause cell death. During the experiment, the cells were exposed to aspartame 

in different concentrations in vitro for 2-4 hours. The concentration ranged from 1,1 µM to 
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10nM. Propidium iodide (PI) was used to see whether cells are still alive. PI can only enter 

the cells if the cell membrane has already been destroyed.  

In addition, the researchers wanted to see whether aspartame can open ion channels to 

investigate the connection between calcium release and cells. To do this, they used patch- 

clamp experiments. A glass pipette was placed on a cell membrane to create negative 

pressure, a patch. Aspartame was then added to the cells, and the channels were observed.  

The results show that the proportion of dead cells increases significantly in cell lines 

modified with NMDA receptors. Cell lines that do not have NMDA- receptors only show an 

increase in dead cells at significantly higher concentrations. This means that cells with 

NMDA receptors are more sensitive to aspartame than cells without the receptors. The patch- 

clamp receptors show that aspartame can trigger current trough the NMDA receptors. This 

means that aspartame can act as a possible activator of the NMDA receptors. The experiment 

thus clearly show that aspartame has a toxic effect even in low concentrations when NMDA 

receptors are present. This could be because aspartame activates or overstimulates the 

receptors, causing cell death. Cells without NMDA receptors are only damaged at higher 

aspartame concentrations. These mechanistic findings were obtained in genetically modified 

cell lines that overexpress NMDA receptors, and the exposure conditions did not reflect 

physiological concentrations in humans [26]. 

 

Evaluation of the research situation 

These findings show that aspartame could have significant side effects on the human body. 

However, it must be said that there are a few limitations to the experiments. Firstly, it is an 

in vitro experiment. It is not clear whether the same mechanism occurs in a living organism. 

In a living body, for example, the blood- brain- barrier could influence the process 

differently. Secondly, the cells were genetically modified. As a result, the cells had 

significantly more NMDA receptors than normal [26]. 

After examining aspartame, the review follows with cyclamate, a sweetener whose safety 

profile strongly depends on individual metabolic differences. This evidence is presented in 

the next chapter. 

 

4.5 Cyclamate 

Characteristics and use 

The synthetic sweetener cyclamate is 30 times sweeter than sucrose and generally has a bitter 

aftertaste. Because of this property, it is often used in combination with saccharin. Cyclamate 
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is water soluble and heat stable. This makes cyclamate a popular choice for baking and 

cooking. The sweetener is commonly found in diet and light beverages, desserts, medicines, 

sweetener tablets, and baked goods. It is composed of salts from the cyclohexyl sulfamic 

acid group. The sweetener is often used in low- sodium diets and is considered a non-

nutritive sweetener. Cyclamate was discovered in 1937. It is currently approved in Canada 

and the EU. However, it has been banned in the USA since 1969 because early animal 

experiments from 1960s reported bladder tumors in a specific rat strain when cyclamate was 

given in combination with saccharin. JEFCA and EFSA rate cyclamate as safe with an ADI 

of 11mg/kg body weight/ day and 7 mg/kg body weight/ day, respectively [27].  

 

Metabolism and degradation 

In general, only small amount of the sweetener is absorbed after consumption. Most of it is 

excreted unchanged in the urine. Cyclamate is classified as having low toxicity, however 

cyclamate which are metabolized by intestinal bacteria to cyclohexylamine (CHA), 

classified more toxic. The study of Renwick et al. [28] showed that the conversion varies 

between individuals. The study distinguishes between “converters”, who produce 

measurable amounts of CHA in their urine, and “non-converters”, in whom this conversion 

occurs only minimally. With long- term consumption, the conversion rate of cyclamate to 

CHA may also increase as the intestinal flora adapts over time. After absorption, CHA is 

metabolized in the liver and excreted via the kidneys. In addition, the study also examined 

the concentration of cyclamate in the blood, but this proved to be irrelevant. Another source 

also described this metabolism in the same way, but also concluded that, although CHA is 

primarily excreted in the urine during long- term consumption, it can also accumulate in 

tissue [27].  
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Figure 5: Structural comparison of cyclamate and cyclohexylamine; The Health Canada assessment [27] 

 
Figure 5 shows the structural relationship between cyclamate and its bacterial metabolite 

CHA. The de-sulfonation step in the gut converts the parent compound into CHA, which is 

considered more toxic and has been linked to testicular effects in high-dose animal studies 

[27]. This metabolic link is central to the risk assessment of cyclamate, especially in 

individuals who are efficient “converters”. 

 

Results from studies 

The long-term human study conducted by Renwick et al. [28], represents one of the most 

relevant data sets for evaluating the metabolic behavior and potential health effects of 

cyclamate in humans. In this study, 15 healthy adults consumed one tablet containing 250 

mg of sodium cyclamate daily over a period of 25 months, which constitutes one of the 

longest controlled exposure periods available in the literature. Blood and urine samples were 

collected at regular intervals to monitor the absorption, metabolism, and excretion of 

cyclamate and its metabolite, CHA. 

A major finding of the study was that the participants could be separated into two metabolic 

groups: “Converters” (≈30% of participants), who produced measurable amounts of CHA, 

and “Non-converters” (≈70% of participants), in whom hardly any CHA formation occurred. 

This significant individual variation confirms that the extent of bacterial conversion in the 

gut depends heavily on the individual composition of intestinal microbiota. Importantly, 

Renwick et al. [28] observed that in converters, the rate of CHA formation did not 
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progressively increase over time, suggesting a stable metabolic pattern despite prolonged 

exposure. Both cyclamate and CHA concentrations detected in blood and urine remained 

low and within ranges that toxicological assessments consider safe. 

Throughout the 25-month period, no clinical symptoms or toxicologically relevant 

changes were detected. Kidney and liver function parameters, hematological profiles, and 

clinical markers remained within normal ranges. The authors therefore concluded 

that moderate long-term intake of cyclamate does not lead to systemic toxicity in healthy 

adults, even among converters. However, the study also emphasized that the sample size was 

small and limited to healthy individuals, making generalization to other populations difficult 

[28].  

The second key source [27], provides additional mechanistic and toxicological insights, 

particularly from animal studies, which represent the basis for the current regulatory caution. 

According to this assessment, chronic high-dose administration of cyclamate or CHA in 

rodents, far exceeding typical human dietary exposure, resulted in reproductive toxicity, 

especially testicular atrophy and reduced sperm counts. These findings were consistently 

linked to elevated CHA levels, confirming that the metabolite, is mainly responsible for 

adverse effects. 

The Health Canada assessment [27] thoroughly reviewed the older carcinogenicity studies 

from the 1960s and 1970s that had led to the US cyclamate ban. It concluded that the 

evidence for bladder tumor formation in rats stemmed from experimental designs with 

extremely high doses, often combined with sodium saccharin, and could not be reproduced 

consistently in later studies. Therefore, the assessment classified cyclamate not as genotoxic 

or carcinogenic under current scientific standards. Taken together, the two references 

provide a consistent outcome: 

- Human data (Renwick et al., [28]) showed low toxicity at realistic intake levels, with 

interindividual variability in metabolism but no adverse clinical outcomes. 

- Animal data (Health Canada,[27]) identified risks primarily at very high, non-dietary 

doses, particularly reproductive toxicity due to CHA. 

- No convincing evidence supports carcinogenicity or mutagenicity, despite historical 

concerns. 
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Evaluation of the research situation 

Current studies [27][28] show that the suspicion that cyclamate causes bladder tumors in 

humans is rather low. It has been shown that cyclamate is predominantly excreted unchanged 

but can metabolized to CHA occasionally. The toxic effect of CHA is particularly evident 

with increased consumption. The main concern is the suspected reproductive toxicity. 

However, both references highlighted significant research gaps. Renwick et al. [28]  noted 

that the study population was small, homogeneous, and healthy, and longer-term data from 

more diverse populations, including children, elderly individuals, and people with altered 

gut microbiota were missing. The Health Canada [27] assessment underscored that the 

mechanistic basis of CHA toxicity is not fully understood, updated long-term human studies 

are necessary to clarify whether chronic effects may occur in specific subgroups. In addition, 

although 25 months is a moderately long period, it is too short to be able to reliably rule out 

cancer or other risks, also the mentioned animal studies are quite old (1970-1990). 

According to the German Federal Institute for Risk Assessment, cyclamate, along with 

sucralose, saccharin, aspartame, steviol glycoside, and acesulfame-K, is one of the most 

consumed sweeteners, especially in Germany. For this reason, the next section will focus on 

acesulfame-K [29].  

Some mechanistic aspects of acesulfame-K were already addressed in the section on 

sucralose, as both compounds were examined together in several immunological studies. 

The additional information provided here focuses specifically on the metabolic 

characteristics and emerging health effects of acesulfame-K. 

 

5.6 Acesulfame-potassium  

Some mechanistic aspects of acesulfame-K were already addressed in the section on 

sucralose, as both compounds were examined together in several immunological studies. 

The additional information provided here focuses specifically on the metabolic 

characteristics and emerging health effects of acesulfame-K. 

 

Characteristics and use 

Acesulfame- potassium (Acesulfame-K, Ace-K) is a high-intensity artificial sweetener that 

is approximately 200 times sweeter than sucrose. It is heat stable, water soluble and can 

therefore be used in a wide range of products, including soft drinks, tabletop sweeteners, 

dairy products, baked goods, confectionery, and toothpaste. In the EU it is authorized as food 

additive E 950. In April 2025, the EFSA re-evaluated acesulfame-K and set an ADI of 15 
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mg/kg body weight/day for all population groups, increasing the previous ADI of 9 mg/kg 

bw/day (see Table 9). The new ADI is based on a long-term study in rats [30].  

 

Metabolism and degradation 

Acesulfame-K is rapidly absorbed from the gastrointestinal tract, with more than 90% of the 

ingested dose taken up in the small intestine. It is not metabolized to any appreciable extent 

in humans or experimental animals and is mainly excreted unchanged in urine, only a small 

fraction is eliminated via faeces. 

Because no relevant metabolic transformation occurs, systemic exposure is directly 

determined by intake levels, and accumulation of metabolites in tissues is not expected [31]. 

EFSA’s recent re-evaluation [30] also confirmed that acesulfame-K itself and its potential 

in vivo degradation products do not raise concerns for genotoxicity. However, EFSA has 

highlighted the presence of certain manufacturing-related impurities, such as 5-chloro-

acesulfame or acetylacetamide, that may arise during the synthetic process but are not 

formed metabolically in the body. Some of these impurities exhibit reactive or genotoxic 

properties at high concentrations, which is why strict specification limits are required to 

ensure that their levels in the final product remain well below any toxicological threshold 

[31]. Despite the absence of metabolic degradation, several studies [32] have reported 

biological effects of acesulfame-K. These findings indicate that potential impacts may occur 

via alternative mechanisms such as microbiota interactions or modulation of cellular 

pathways rather than through classical metabolic toxicity. 

 

Results from studies 

Toxicological studies conducted in rodents with high dosage have generally not 

demonstrated carcinogenic or systemic toxic effects of acesulfame-K at doses relevant to 

human consumption. Based on these data, international bodies such as JECFA and EFSA 

have repeatedly confirmed its safety within the ADI [30]. 

However, more recent experimental and epidemiological studies [32] suggest that the risk 

profile of acesulfame-K may be more complex than previously assumed. Research on Ace-

K has produced mixed findings across experimental and epidemiological settings.  

A controlled animal study by Bian et al. [32], investigated the effects of chronic acesulfame-

K exposure in CD-1 mice, an outbred mouse strain commonly used in toxicology and 

metabolic research due to its broad genetic variability and robustness. After a 4-week 

exposure period, the researchers observed significant alterations in gut microbiota 
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composition and fecal metabolic profiles. These effects were gender related: male mice 

displayed a consistent increase in body weight and enrichment of bacterial genes linked to 

energy metabolism, whereas female mice showed no weight gain and different microbial 

shifts, indicating a sex-specific metabolic response. Altered abundance of bacterial taxa and 

functional genes involved in carbohydrate metabolism was observed. Taken together, these 

findings suggest that acesulfame-K can modulate metabolic processes indirectly by altering 

microbial community structure, rather than through direct metabolic transformation of the 

sweetener itself. 

Complementing these in vivo findings, Suez et al. [33], conducted a mechanistic in vitro 

study examining the effects of acesulfame-K on human cellular transport systems. Their 

experiments demonstrated that acesulfame-K can activate P-glycoprotein (PGP), a key ATP-

dependent efflux transporter involved in xenobiotic and drug handling. Increased PGP 

activity resulted in enhanced efflux of fluorescent substrate markers, indicating that 

acesulfame-K may alter intracellular exposure to various compounds. The study also 

reported broader modulation of the “transportome”, including minor effects on organic anion 

and cation transporters. Although the concentrations used reflected high-end human 

exposure ranges, these findings point to a potential interaction between acesulfame-K and 

cellular defense mechanisms, which may have physiological relevance in individuals 

consuming multiple xenobiotics or medications.  

Human epidemiological data remains limited. The NutriNet-Santé cohort analysis [34] 

evaluated the intake of several non-nutritive sweeteners, including acesulfame-K, in over 

100,000 French adults. Higher consumption of artificial sweeteners was associated with 

increased risk of overall cancer risk. When individual sweeteners were analyzed, both 

aspartame and acesulfame-K contributed to the observed association. The authors 

highlighted substantial potential for residual confounding, as sweetener consumption 

correlated with factors such as higher BMI, use of “diet” products, and pre-existing 

metabolic risk. Furthermore, the study design did not allow the isolation of acesulfame-K’s 

effects from other simultaneously consumed sweeteners. Nonetheless, the findings provide 

an epidemiological signal suggesting that high consumption of artificial sweeteners may be 

associated with a slightly increased incidence of certain cancers over long-term follow-up, 

although the modest effect sizes and substantial potential for confounding mean that these 

associations should be interpreted with caution. 
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Evaluation of the research situation 

Overall, acesulfame-K has been considered safe at typical dietary exposure levels based on 

traditional toxicological assessments, and recent re-evaluation by EFSA [30]  confirmed the 

absence of systemic toxicity at doses relevant to human intake. At the same time, emerging 

mechanistic studies highlight potential biological effects that are not captured by classical 

toxicity endpoints. These include alterations in the gut microbiota observed in animal studies 

[32] and modulation of cellular transport systems such as P-glycoprotein [33]. The 

physiological significance of these findings for humans is not yet clear and requires further 

investigation. 

Epidemiological data linking acesulfame-K to adverse health outcomes remain inconclusive, 

as available cohort studies typically evaluate artificial sweeteners as a combined category. 

The modest increase in cancer risk observed in the NutriNet-Santé cohort [34] should 

therefore be interpreted with caution, as the study design does not allow attribution of these 

findings to acesulfame-K specifically. Taking together, while the updated EFSA evaluation 

[30] suggests that current population exposures are below ADI and unlikely to pose an 

immediate health concern, the emerging mechanistic and epidemiological signals underline 

the need for long-term, independent human studies to clarify the relevance of these 

pathways. The findings presented in the literature review show that each sweetener exhibits 

a distinct risk profile. The following chapter synthesizes these results and evaluates the 

research questions. 
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5. Conclusion and discussion  
5.1 Conclusion  

The aim of this thesis was to investigate whether the regular consumption of artificial 

sweeteners is associated with health risks, whether these risks are relevant within or above 

the established ADI, and how different sweeteners affect the human body. Based on current 

research, the initial hypotheses can be partly confirmed, although considerable uncertainty 

remains for several substances. 

Based on risks related to health damage when consuming sweeteners within the 

recommended limits, the evidence differs substantially between sweeteners: 

For erythritol, most gastrointestinal effects occur only above ADI. However, recent studies 

indicate that elevated blood erythritol levels are associated with cardiovascular events even 

if unintentionally consumed in excessive quantities. Because erythritol is also produced 

endogenously, it remains unclear whether the risk arises from dietary intake or underlying 

metabolic dysfunction. Therefore, harm within ADI consumption cannot be ruled out, 

especially for individuals with cardiometabolic risk profiles. 

Findings related to sucralose suggest immunomodulatory and genotoxic effects in vitro and 

in animal studies, but evidence in humans is insufficient and in addition its metabolite, 

sucralose-6-acetate may exhibit genotoxic properties. Although human data remains 

insufficient, these findings raise questions about whether the current ADI fully reflects 

emerging mechanistic risks. 

For aspartame consumption within ADI, general health risks remain low for most of the 

population. However, individuals with PKU remain a high-risk group. New studies 

indicating potential NMDA receptor activation suggest that neurotoxic effects cannot be 

fully ruled out and require further investigation.  

No toxic effects of cyclamate were observed in humans at typical intakes within ADI. 

However, about 30% of individuals can metabolize cyclamate to CHA, a compound with 

known testicular toxicity in animals. This means that safety within ADI depends on 

individual metabolic phenotype, and long-term data in humans are not available. 

For acesulfame-K, regulatory agencies currently consider intakes within ADI to be safe. 

However, recent studies indicate possible biological effects, including alterations in gut 

microbiota, modulation of cellular transport pathways such as P-glycoprotein activation, and 

weak associations with cancer risk in epidemiological studies. Although these findings do 

not contradict the established ADI, they highlight areas where further research is needed. 
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Overall, the hypothesis that sweeteners can cause harm even within the ADI is partially 

supported, especially for erythritol, sucralose and potentially acesulfame-K. 

 

Across all the sweeteners examined, higher intake levels were associated with a greater 

likelihood of adverse effects. 

For erythritol, the risk of thrombotic events and platelet hyperreactivity increased 

significantly with elevated plasma concentrations.  

For sucralose, high-dosage animal studies demonstrated suppression of T-cell proliferation, 

alterations in immune signaling and DNA damage induced by sucralose-6-acetate.  

For aspartame, higher experimental concentrations strongly activated NMDA receptors, 

leading to oxidative stress and cell death in vitro.  

For cyclamate, increased intake led to higher production of CHA, which can cause testicular 

atrophy, reduced sperm counts in animal models.  

For acesulfame-K, high-dose exposure in animal studies has been linked to changes in 

microbiota composition and gender-specific metabolic alterations, although these doses 

often exceeded typical human consumption.  

Thus, the hypothesis that increased intake heightens health risks is strongly supported. 

The findings show that each sweetener has a risk profile: 
 

Table 10: Sweeteners and their main concerns 

Sweetener Main concern 
Erythritol Potential cardiovascular risk (platelet 

aggregation and thrombus formation) 
Sucralose Immune modulation and possible 

genotoxicity (via sucralose- 6- acetate) 
Aspartame Neurotoxic potential and risks for 

individuals with PKU 
Cyclamate  Conversion to cyclohexylamine and 

reproductive toxicity observed in animal 
studies 

Acesulfame- K Indirect biological effects, despite limited 
metabolic transformation, including 
microbiota changes, transporter activation 
and possible long- term association with 
cancer risk 

 
The analysis of the five selected sweeteners demonstrates that their health effects differ 

substantially, reflecting distinct chemical structures, metabolic pathways, and biological 

mechanisms. As summarized in Table 10, erythritol is primarily associated with 



 41 

cardiovascular pathways through platelet activation and potential thrombotic effects, 

whereas sucralose influences immune signaling and may exert genotoxic effects via 

sucralose-6-acetate. Aspartame interacts mainly with neurological mechanisms through 

NMDA receptor activation, and its risks depend strongly on individual susceptibility such 

as phenylketonuria. Cyclamate poses potential reproductive risks due to its bacterial 

conversion to cyclohexylamine, which shows toxic effects in animal studies. Although 

acesulfame-K is largely excreted unchanged, emerging evidence suggests indirect effects on 

gut microbiota and cellular transport systems. These findings indicate that artificial 

sweeteners cannot be evaluated as a uniform group. Instead, their health impacts are 

substance-specific and influenced by individual metabolic and physiological factors. 

These distinct patterns emphasize that sweeteners cannot be assessed as a uniform group. 

Each compound requires individual evaluation and monitoring. 

 

5.2 Discussion and Implications 

The widespread consumption of sweeteners, often in several products simultaneously, 

increases cumulative exposure. Many individuals unknowingly exceed recommended 

intakes, especially with sucralose and cyclamate in beverages and processed foods. This 

highlights the need for clearer labelling, public education about ADI limits and updated risk 

assessments for newly discovered metabolites. 

The WHO’s more careful and restrictive position on sweeteners is supported by several 

results in this thesis, especially those that show possible cardiovascular, immune-related, or 

genetic effects. As new mechanistic data become available, ADI values set by EFSA and 

FDA may need to be reconsidered, particularly for erythritol and sucralose-6-acetate. The 

long-term ban on cyclamate in the United States also remains debated, but clearer 

conclusions cannot be drawn because modern long-term human studies are still missing.  

The identified knowledge gaps clearly indicate where further investigations are needed. The 

Outlook section therefore outlines priorities for future research. 

 

5.3 Limitations 

This review has several limitations that must be acknowledged. First, a substantial 

proportion of the included studies were in vitro or animal experiments, which limits their 

direct transferability to human physiology. Second, the heterogeneity of study designs, 

endpoints and exposure levels complicates cross-study comparison and prevents quantitative 
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synthesis. Third, potential conflicts of interest, particularly in research funded by the food 

and sweetener industry, may have influenced reported outcomes. 

 

5.4 Outlook 

To reduce existing knowledge gaps, future research should focus on long-term human 

studies for erythritol, sucralose, and cyclamate (beyond 2 years). Mechanistic human studies 

are also necessary to clarify the effect on immune, neurological and cardiovascular systems. 

Additionally, investigation focusing on the interactions between multiple sweeteners should 

be carried out, because many products contain blends. Further studies are needed to 

characterize personalized risk factors, including gut microbiota composition, metabolic 

phenotype (e.g., cyclamate “converters”), obesity, diabetes, and genetic predispositions. For 

sucralose-6-acetate, in vivo confirmation of the genotoxic potential observed in vitro is 

essential, while for cyclamate and acesulfame-K, long-term reproductive and 

carcinogenicity studies would help clarify remaining uncertainties. 

The initial hypothesis that artificial sweeteners may increase the risk of cardiovascular, 

metabolic, immunological, neurological, or genetic damage, can be partially confirmed, 

depending on the substance and exposure level. While sweeteners remain useful tools for 

reducing sugar intake, they are not without risks, and their long-term safety must be 

reassessed considering evolving scientific evidence. 

  



 43 

6. Summary  
This thesis examined the potential health risks associated with the consumption of artificial 

sweeteners, focusing on organizational guidelines and scientific evidence on erythritol, 

sucralose, aspartame, cyclamate and acesulfame-K. Sweeteners are widely used in the food 

industry and are often perceived as healthier alternatives to sugar, particularly in the context 

of obesity, type 2 diabetes, and calorie reduction. However, their safety has become 

increasingly controversial, and recent studies suggest possible long-term effects affecting 

several physiological systems. 

The review showed that international organizations differ in their assessments. While the 

EFSA and FDA largely consider most sweeteners safe within their established ADI, the 

WHO recommends limiting their use due to possible long-term metabolic and cardiovascular 

risks. The ISA, in contrast, advocates for the safety and usefulness of low-calorie sweeteners, 

reflecting the economic interests of food manufacturers. 

Across the evaluated sweeteners, the findings revealed distinct risk profiles. Erythritol has 

been associated with platelet activation and increased cardiovascular risk, although causality 

remained uncertain. Sucralose showed immunological and potential genotoxic effects in 

animal and in vitro studies, particularly due to its metabolite sucralose-6-acetate. Aspartame 

may influence neurological pathways through NMDA receptor activation, although evidence 

in humans is limited. Cyclamate is mainly metabolized to the more toxic compound CHA in 

a subset of individuals (“converters”), raising concerns about reproductive toxicity at high 

doses. 

Overall, the hypothesis that sweeteners may contribute to adverse health effects, particularly 

when consumed in high amounts or by vulnerable groups, is partly supported. Nevertheless, 

most available data stems from short-term or experimental studies. Long-term human trials 

are still lacking for many substances. Future research should therefore focus on metabolic 

pathways, chronic exposure, combination effects of multiple sweeteners, and individual 

susceptibility factors such as gut microbiota or genetic predisposition. 

This thesis underscores the complexity of assessing the safety of artificial sweeteners. While 

they offer benefits in reducing sugar intake, they also carry uncertainties that warrant careful 

evaluation. More independent, long-term studies are necessary to determine whether current 

ADI values remain appropriate and to provide clearer guidance for consumers. 
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