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A B S T R A C T

With the global prevalence of obesity and diabetes continuing to rise, metabolic diseases caused by excessive 
sugar intake have become a significant public health issue. In this context, various sweeteners as sugar substitutes 
have been widely used in the food industry. Sweeteners are highly favored for their good safety profile, cost- 
effectiveness, low-calorie properties, and potential blood sugar regulation effects, and their applications have 
extended to fields such as pharmaceuticals and daily chemicals. However, recent studies indicate that the impact 
mechanisms of sweeteners on human health are more complex than previously understood, and the long-term 
safety of their use has sparked widespread concern in both academia and the public. This review systemati
cally examines relevant literature from the past three decades, employing evidence-based medicine methods for 
screening and meta-analysis, aiming to comprehensively assess the potential effects of sweeteners on human 
metabolic indicators (including blood glucose homeostasis and body fat composition) and cancer risk. The dis
cussion will unfold in the following four sections: (1) Definition and classification of sweeteners; (2) Application 
areas of various sweeteners; (3) Beneficial effects of sweetener use on human health; (4) Adverse effects of 
sweetener use on health issues in different population groups. Current evidence suggests that the rational use of 
specific types of sweeteners within recommended dosage ranges can effectively improve blood glucose control, 
promote weight management, and play a positive role in maintaining oral health. However, excessive or long- 
term use of certain sweeteners may disrupt gut microbiota balance, affect glucose and lipid metabolism ho
meostasis, increase cardiovascular disease risk, and potentially be associated with the occurrence of certain 
malignant tumors. Notably, sweetener exposure during pregnancy may affect the fetus through mechanisms such 
as epigenetic modifications, necessitating special caution in sweetener selection for pregnant women. This review 
aims to provide clinicians, nutritionists, and food science professionals with the latest evidence-based medical 
evidence, guiding consumers to make informed sweetener choices by weighing health benefits against potential 
risks. It also offers scientific basis for formula optimization and product development in the food industry, 
thereby promoting public health.

1. Introduction

A high-sugar diet is associated with the development of dental caries, 
obesity, type 2 diabetes (T2D) and other common diseases, among 
which T2D and obesity are the most prevalent. T2D is among the most 
prevalent metabolic disorders worldwide, with a continuous upward 
trend in patient numbers over recent decades. Obesity is also one of the 
prevalent public problems in today’s society, which is caused by the 

interaction of various host factors and external environmental factors 
(Pearlman et al., 2017). Sugar-sweetened beverages (SSBs) constitute a 
significant source of dietary sugar and excessive energy intake. Multiple 
studies have demonstrated that consumption of sugar-sweetened bev
erages is associated with weight gain, obesity, and an elevated risk of 
diabetes (Huang et al., 2017). Following the steady improvement of 
living standards, individuals seek to attain a “sweet” lifestyle while 
maintaining good health and happiness. Sweeteners, also known as 
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sugar substitutes, have emerged as a preferred option due to their high 
safety profile, excellent stability, cheap price, low calorie content and 
ability to regulate blood glucose levels. Consequently, they have 
replaced sugar in numerous food and beverage products 
(Chattopadhyay et al., 2014). Artificial sweeteners are associated with 
weight loss compared to sucrose (Raben et al., 2002; Sørensen et al., 
2014). The American Diabetes Association recommends the use of NNS 
as a substitute for added sugar in structured diets, which can promote 
health, maintain weight stability and mitigate the risk of hypertension, 
diabetes and other diseases (Huang et al., 2017). As a consequence, 
products that substitute sugar with artificial sweeteners have emerged as 
the primary preference for young individuals and are also favored by 
other age groups. Nevertheless, after a period of usage, even 
well-regarded sweeteners begin to exhibit drawbacks. Several studies 
have demonstrated that their utilization poses certain risks to intestinal 
microorganisms, blood glucose levels and the circulatory system. A 
recent study published in the British journal Nature Medicine has 
cautioned that erythritol, an artificial sweetener, may accelerate 
thrombosis and increase the risk of stroke and heart attack (Witkowski 
et al., 2023). Researchers in Israel have also discovered that artificial 
sweeteners can impact the body’s glucose metabolism, leading to fluc
tuations in blood glucose levels (Suez et al., 2022). In conclusion, 
sweeteners possess both advantages and disadvantages. This article aims 
to provide a comprehensive introduction of sweeteners from various 
perspectives, enabling individuals to better comprehend their effects on 
human health.

2. Definition and classification of sweeteners

2.1. What are sweeteners?

Sweeteners are additives that provide food with sweetness, and be
longs to a flavor agent with higher safety, better stability and cheaper 
price. When added to foods and beverages, sweeteners can enhance 
flavor and other functional properties of the products (Gallagher and 
Logue, 2019). In the past, excessive consumption of sweeteners has been 
led to a range of health issues, including obesity, T2D, cardiovascular 
disease, non-alcoholic fatty liver disease, as well as dental caries, 
neurological disorders, chronic inflammatory conditions (Moriconi 
et al., 2020).

2.2. Classification of sweeteners

2.2.1. Classification based on source
The classification of sweeteners can be based on their origin, which 

includes natural sweeteners and artificial sweeteners (see Fig. 1).
Natural sweetener is a sweet chemical component directly extracted 

from nature and obtained after proper treatment, most of which are 
secondary metabolites of microorganisms or plants. Natural sweeteners 
including a wide range of compounds such as sucrose, sugar alcohols, 
terpenoid glycosides and some polyphenols (Saraiva et al., 2020). 
Although natural sweeteners may be slightly less sweet than artificial 
ones, they are generally considered safer for consumption (Saraiva et al., 
2020).

The term "artificial sweeteners" refers to sugar substitutes or non- 
sugar sweeteners (Castro-Muñoz et al., 2022). These synthetic sub
stances are used to replace sugar in the production of various products 
(Castro-Muñoz et al., 2022). Most artificial sweeteners are low in calo
ries and high in sweetness, which makes them appealing to both con
sumers and food manufacturers (Castro-Muñoz et al., 2022). Six of these 
artificial sweeteners have been approved by the U.S. Food and Drug 
Administration (FDA) as food additives, including aspartame, neotame, 
saccharin, acesulfame-potassium (Ace-K), sucralose and advantame 
(Castro-Muñoz et al., 2022).

2.2.2. Classification by sweetness
The sweetener of sweeteners also has a big difference. Based on the 

sweetness of sucrose, there are two types of sweeteners, namely low- 
sweetness sweeteners and high-sweetness sweeteners (see Fig. 1) 
(Saraiva et al., 2020).

Low-sweetness sweeteners have a sweetness similar to or lower than 
sucrose (Saraiva et al., 2020). These sweeteners are commonly utilized 
to enhance the volume, flavor and preservation properties of foods. For 
instance, sugar alcohols (such as maltitol, sorbitol, lactitol, xylitol, 
erythritol, mannitol) are frequently incorporated into baked goods, 
breakfast cereals and pickled foods to better cater to consumer prefer
ences (Saraiva et al., 2020).

High-sweetness sweeteners are much sweeter than sucrose and have 
different effects (Saraiva et al., 2020). Due to their high sweetness, only 
a minute is required to achieve the desired level of sweetness (Saraiva 
et al., 2020). These sweeteners are widely used in food processing 

Fig. 1. Classification of sweeteners.
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because their low contribution towards the energy value of the product 
(Saraiva et al., 2020). Saccharin, aspartame and other high-sweetness 
sweeteners are frequently added to sugar-free carbonated and 
non-carbonated beverages (Saraiva et al., 2020).

2.2.3. Classification by nutritional value
Sweeteners can be divided into nutritional sweeteners (NS) and non- 

nutritional sweeteners (NNS) based on their nutritional composition 
(see Fig. 1).

NS can provide the body with a certain amount of energy and 
participate in the body’s metabolic processes. Due to urbanization and 
the accessibility of beverages, the global demand for NS has increased 
sharply (Pham et al., 2019). NS used in foods and beverages include 
glucose, fructose and sucrose (Pham et al., 2019). The harmful effects of 
sucrose, glucose, and fructose on health have long been discussed, 
particularly on excessive consumption of sugar (Pham et al., 2019).

NNS, also known as very low-calorie sweeteners (LCS) or non-calorie 
sweeteners (Romo-Romo et al., 2017). NNS provide sweetness with 
seldom caloric impact (negligible in typical human doses), and some 
also enhance the sensory experience of food. These sugar substitutes are 
typically hundreds to thousands of times sweeter than traditional sugar. 
At present, the common NNS on the market include Ace-K, neotame, 
saccharin and stevia, which are widely used in the field of “sugar-free” 
products (Romo-Romo et al., 2017).

3. The use of sweeteners (see Figs. 2 and 3)

3.1. Used in sugar-free beverages

3.1.1. Aspartame
Aspartame is a synthetic sweetener commonly used in carbonated 

and powdered soft drinks and is about 200–300 times sweeter than su
crose (Choudhary and Pretorius, 2017). Aspartame has a relatively pure 
sugar taste and does not have an unpleasant metallic taste or bitter taste, 
which is especially suitable for adding to drinks to enhance the flavor of 
drinks (Choudhary and Pretorius, 2017). In addition to carbonated and 
soft drinks, aspartame is also used in mixed desserts, frozen desserts, 
yogurt, chewable multivitamins and breakfast cereals (Choudhary and 
Pretorius, 2017).

The FDA has established the acceptable daily intake (ADI) for 
aspartame as 50 mg per kilogram of body weight per day (50 mg/kg bw/ 
d). Aspartame is broken down in the gastrointestinal tract by esterases 
and peptidases, which are then absorbed into the bloodstream 
(Magnuson et al., 2016).

3.1.2. Erythritol
Erythritol is a low-power sweetener widely found in nature, with a 

sweetness of about 70 % that of sucrose and negligible calories (Mazi 
and Stanhope, 2023). Erythritol can be mixed with stronger sugars to 
increase the sweetness and rich taste of the drink, which can mask some 
unwanted aftertastes, such as astringency and the stimulating effects of 
strong sweeteners, and improve the flavor of the drink (Regnat et al., 
2018). Furthermore, when erythritol dissolves, because of its relatively 
high negative heat of dissolution, it exhibits a strong cooling effect 
(Regnat et al., 2018).

Fig. 2. Structural formula of sweeteners.
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Erythritol is mostly absorbed in the small intestine and then excreted 
in urine unmetabolized (Mazi and Stanhope, 2023).

3.1.3. Saccharin
Saccharin has been used for a long time and is about 300 times 

sweeter than sucrose (Chattopadhyay et al., 2014). It has a disagreeable 
bitter or metallic odor (Chattopadhyay et al., 2014). Since the parent 
compound is only slightly soluble in water, sweeteners are often used in 
the form of sodium or calcium salts (Chattopadhyay et al., 2014). It is 
often used in sugar-free beverages, and because it does not provide en
ergy, does not participate in human metabolism, it is also used to pro
duce sweet foods for diabetics (Romo-Romo et al., 2017).

The FDA has established the ADI for saccharin as 15 mg/kg bw/d. 
Most of the saccharin are excreted in the urine (Magnuson et al., 2016).

3.2. Used in the food industry

3.2.1. Sucralose
Sucralose is a non-caloric sweetener that is widely approved for food 

and beverage use worldwide (Magnuson et al., 2017). It is extracted 
from sucrose by selective substitution of three hydroxyl groups by 
chlorine atoms (Magnuson et al., 2017). Sucralose is about 600 times 
sweeter than sucrose, so adding very small amounts of sucralose can 
sweeten foods and drinks (Magnuson et al., 2017). It has good water 
solubility, chemical stability and thermal stability, and is often used in 
baking and frying foods (AlDeeb et al., 2013).

The FDA has established the ADI for sucralose as 5 mg/kg bw/d. 
Sucralose is poorly absorbed, undergoes little metabolism (Del Pozo, 
Gómez-Martínez, Díaz, Nova, Urrialde and Marcos, 2022).

3.2.2. Stevioside
Stevioside is a natural sweetener extracted from the plant stevia, 

which tastes similar to sucrose and is about 200–300 times sweeter than 
sucrose (Peteliuk et al., 2021). It is often used in candy, yogurt, baked 
goods. In addition, because stevioside has very low calories and does not 
participate in human metabolism, it can be eaten by diabetes, cardio
vascular disease and obesity patients (Chattopadhyay et al., 2014).

The FDA has established the ADI for steviol as 4 mg/kg bw/d. Ste
vioside are hydrolyzed by intestinal flora in the colon and then excreted 

in the urine after gluconaldehyde acidification by the liver (Geuns et al., 
2007).

3.2.3. Acesulfame
Acesulfame is a non-caloric sweetener that is about 120 times 

sweeter than sucrose (Chattopadhyay et al., 2014). It is thermally stable 
and can be used in cooking and baking, but when used alone to sweeten 
a food or drink, it can have a bitter taste, so it is often mixed with other 
sweeteners (usually sucralose or aspartame), showing a synergistic ef
fect to make the mixture sweeter than its ingredients, and is often used in 
various dry grain products and alcoholic beverages (Chattopadhyay 
et al., 2014).

The FDA has established the ADI for Ace-K as 15 mg/kg bw/d. 
Acesulfame is excreted by the kidney without metabolites (Magnuson 
et al., 2016).

3.3. Special purposes (see Table 1)

3.3.1. Xylitol
Xylitol, as the representative sweetener of the polysugar alcohols 

group, has been shown to have dental health benefits and reduce the risk 
of dental caries (Salli et al., 2019). And because it is indigestible but 
fermentable, it also helps relieve constipation and improve bone mineral 
density (Salli et al., 2019). It can also regulate the immune system, 
which together with its antibacterial activity greatly reduces the risk of 
respiratory infections, sinusitis and otitis media (Salli et al., 2019), and 
NADPH produced during xylitol metabolism helps treat hemolytic 
anemia associated with Glucose-6-phosphate deficiency (Ahuja et al., 
2020).

About half of xylitol is absorbed through passive diffusion in the 
intestine, and the rest is broken down in the intestine by intestinal flora 
(Salli et al., 2019).

3.3.2. Mannitol
Mannitol is a natural sweetener. Its osmotic diuretic properties allow 

it to be used as an intravenous solution for the treatment of intracranial 
pressure increase and brain edema after brain injury (Moriconi et al., 
2020), and it is the main drug for the treatment of cerebral hemorrhage 
(Huang et al., 2020). However, attention should be paid to the side ef
fects such as intracranial pressure (ICP) rebound and acute kidney fail
ure after repeated administration (Huang et al., 2020).

3.3.3. Trehalose
Trehalose is a naturally occurring non-reducing disaccharide with a 

small molecular weight and easy absorption by the skin (Vinciguerra 
et al., 2022). Trehalose enters the cell to play its unique role of water 
replacement stress factor and protection of cell membrane (Vinciguerra 
et al., 2022). It is widely used in the cosmetics and skin care industry due 
to its stability and freezing protection properties (Vinciguerra et al., 
2022).

Fig. 3. Use of sweeteners (main).

Table 1 
Special uses of sweeteners.

Name Broad categories of 
use

Specific use

Xylitol Oral products Mouthwash (Krupa et al., 2022), toothpaste (
Riley et al., 2015)

Medicines Anti-respiratory infection, treatment of 
hemolytic anemia and osteoporosis, anti- 
cancer and anti-inflammatory, etc (Ahuja et al., 
2020)

Mannitol Medicines Treatment of cerebral hemorrhage (Huang 
et al., 2020), intracranial pressure increased 
and brain edema after brain injury (Moriconi 
et al., 2020), etc

Trehalose Cosmetics and 
skincare products

Bath oils, hair growth tonics, and moisturizers (
Ohtake and Wang, 2011)
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Trehalose is enzymatically hydrolyzed in the small intestine by a 
trehalose-specific disaccharidase into two d-glucose molecules, which 
are subsequently absorbed and metabolized (Richards et al., 2002).

4. The benefits of food sweeteners

4.1. Food sweeteners are beneficial for weight control

4.1.1. Sweeteners can effectively reduce the consumption of sugars and fats
Raben et al. conducted a 10-week controlled study on overweight 

subjects, comparing the effects of daily consumption of sucrose and 
artificial sweeteners (54 % aspartame, 23 % cyclamate, 22 % acesul
fame, and 1 % saccharin). The results showed that those who consumed 
sucrose had increased energy and fat intake, body weight gain and 
elevated blood pressure (Raben et al., 2002). In contrast, no such effects 
were observed in subjects who consumed artificial sweeteners. The 
findings indicate that artificial sweeteners, when compared to sucrose, 
result in a reduction of sugar and fat intake, leading to a slight decrease 
in body weight (Raben et al., 2002; Sørensen et al., 2014).

4.1.2. Aspartame helps obese people lose weight
To investigate the potential of artificial sweeteners in long-term food 

intake and body weight management, Tordoff and Alleva conducted a 
study where free-living normal weight participants were given 1150 g of 
aspartame soda or high fructose corn syrup (HFCS) daily. The results 
showed that consuming aspartame-sweetened soda reduced calorie 
intake and weight loss in men, while consuming high fructose corn syrup 
soda increased calorie intake and gained weight (Tordoff and Alleva, 
1990).

Blackburn et al. conducted a long-term investigation and study on 
163 obese women to assess the potential impact of incorporating 
aspartame into the weight control regimen. Data analysis revealed a 
positive correlation between aspartame intake and percentage weight 
loss during active weight loss among women in the aspartame-treated 
group (Blackburn et al., 1997). Participants in the aspartame group 
exhibited a slower rate of initial weight regain during maintenance and 
follow-up compared to those in the non-aspartame group (Blackburn 
et al., 1997). The findings indicated that women who received 
aspartame-based intervention exhibited more significant weight loss 
and less weight regain compared to the control group (Blackburn et al., 
1997). Therefore, the weight management program incorporating 
aspartame was deemed more effective in facilitating weight reduction 
among obese individuals (Blackburn et al., 1997).

4.1.3. Sucralose helps with weight control
Ruyter and colleagues carried out an 18-month experimental inves

tigation into the effects of NNS. In this study, a total of 203 children were 
randomly assigned to two groups: one group received a beverage con
taining NNS (specifically sucralose and acesulfame), while the other 
group consumed a sugar-sweetened beverage without any added NNS 
(Wilk et al., 2022). After 18 months, the satiation effects of NNS and 
SSBs on subjects were comparable, resulting in a decreased desire to 
consume both types of beverages (Wilk et al., 2022). A subsequent 
investigation revealed that NNS exhibited superior efficacy in reducing 
daily energy intake compared to SSBs (Wilk et al., 2022). Consequently, 
the utilization of NNS as a substitute for sugar may contribute signifi
cantly to weight management (Wilk et al., 2022).

4.1.4. Erythritol reduces obesity and impaired glucose tolerance induced by 
high-fat diet

Kawano’s team investigated the impact of erythritol on metabolic 
disorders induced by a high-fat diet (HFD) in mice, revealing potential 
therapeutic benefits (Kawano et al., 2021). The mice in the experimental 
group received an additional injection of erythritol, while those in the 
control group were solely administered a high-fat diet. It was demon
strated that starting from 11 weeks of age, mice in the experimental 

group supplemented with an additional 5 % erythritol exhibited sig
nificant weight reduction, enhanced glucose tolerance and increased 
energy expenditure (Kawano et al., 2021).

4.1.5. The effect of artificial sweeteners on appetite
The effect of artificial sweeteners on hunger, satiety, and long-term 

dietary patterns is a complex and controversial area of research. 
Compared to caloric sweeteners, although NNS appears to elicit 
different brain responses in appetite and reward regions, the finding is 
unclear whether these different brain responses can predict subsequent 
metabolic consequences (Yunker et al., 2020). There is some consensus 
on the potential benefits of artificial sweeteners in reducing net energy 
intake and aiding weight management, the mechanisms by which they 
affect eating behavior, glucose homeostasis and weight control remain 
complex and not fully understood (Wilk et al., 2022). This is associated 
with multiple factors, including food intake, reward depend insulin 
secretion, energy expenditure and glucose homeostasis (O’Connor et al., 
2021).

4.2. Sweeteners are beneficial for controlling blood glucose levels

4.2.1. Effects of SSBs on individuals with a healthy status
In a meta-analysis of prospective cohort studies examining the 

relationship between SSBs consumption and diabetes risk, daily intake 
of such beverages (1–2 servings of sugar-sweetened beverages per day) 
was found to be associated with a 26 % higher risk of T2D compared to 
no or infrequent consumption (less than one serving per month) (Evert 
et al., 2019; Pan et al., 2012).

However, in another meta-analysis report, drinking the same amount 
of water instead of SSBs reduced the risk of T2D by 7–8 %, drinking diet 
soda increased the risk of T2D by 8 % and drinking regular soda 
increased the risk of T2D by 13 % (Evert et al., 2019; Imamura et al., 
2015).

These analyses indicate that substituting regular soda with diet soda 
may lower the risk of developing T2D. However, both diet soda and SSBs 
increase the risk of T2D.

4.2.2. Erythritol helps control blood glucose in patients with T2D
The Omiya Research Laboratory conducted a study to investigate the 

impact of oral erythritol on blood glucose and insulin levels in healthy 
individuals, as well as estimating its energy availability in humans 
(Noda et al., 1994). The experimental results demonstrated that eryth
ritol did not elicit an increase in serum glucose or insulin levels, whereas 
the identical dose of glucose provoked a rapid elevation of blood glucose 
and insulin levels within 30 min (Noda et al., 1994).

In a clinical trial conducted by M Ishikawa, 11 diabetic patients were 
administered oral erythritol at a dosage of 20 g per day for a period of 14 
days (Ishikawa et al., 1996). Over the course of this period, there was a 
gradual decrease in both mean blood glucose and glycosylated hemo
globin levels among the patients. The study’s findings indicate that 
twice-daily administration of erythritol did not have any significant 
impact on diabetic patients’ metabolism or their ability to control blood 
glucose (Ishikawa et al., 1996).

A study on the anti-postprandial hyperglycemic effect of erythritol in 
alloxan induced diabetic mice models found that erythritol likely exerts 
its activity through competitive inhibition of α-glucosidase (Wen et al., 
2018). This suggests that erythritol can be used as a glucose substitute to 
control postprandial blood glucose levels and as a treatment for T2D 
(Wen et al., 2018).

According to the above studies, erythritol has been shown to elicit 
the secretion of intestinal hormones, resulting in delayed gastric 
emptying and reduced intestinal glucose absorption (Ishikawa et al., 
1996). The administration of acute doses of erythritol (20–75 g) had no 
or little effect on blood glucose or insulin levels. Consequently, eryth
ritol exhibits considerable potential as a favorable substitute for sac
charides in both individuals with good health and those suffering from 

Q.-Y. Hong et al.                                                                                                                                                                                                                                



Current Research in Food Science 10 (2025) 101032

6

diabetes (Mazi and Stanhope, 2023).

4.2.3. Stevioside have dual positive effects as anti-hyperglycemic and a 
blood pressure-lowering substance

Jeppesen’s team conducted a long-term study on Goto Kakizaki (GK) 
rats with T2D to evaluate the potential antihyperglycemic and antihy
pertensive effects of their intervention (Jeppesen et al., 2003). The rats 
were administered a daily dose of 0.025 g/kg stevioside (purity >99.6 
%) for six weeks, and at the end of this period, arterial glucose tolerance 
tests were conducted on the conscious rats. The results showed that 
stevioside enhanced the first-phase insulin response and suppressed 
glucagon levels, which may partly be related to the induction of genes 
involved in glycolysis (Jeppesen et al., 2003). It also improves nutrient 
sensing mechanisms, increases cytosolic long-chain fatty acyl-coenzyme 
A (CoA) and regulates phosphodiesterase 1 (PDE1) downregulation 
(Jeppesen et al., 2003). In addition, stevioside can significantly inhibit 
systolic and diastolic blood pressure (Jeppesen et al., 2003). In conclu
sion, stevioside exhibits dual positive effects on both anti-hyperglycemia 
and a blood pressure-lowering substance, indicating its therapeutic po
tential in the treatment of T2D and metabolic syndrome (Dyrskog et al., 
2005; Jeppesen et al., 2003).

4.3. Sweeteners are beneficial for decreasing the incidence of dental caries

4.3.1. Pathogenesis of dental caries
The role of sugars in the development of dental caries is widely 

acknowledged as paramount among dietary factors. The majority of 
studies have demonstrated a significant correlation between sugar 
consumption and the pathogenesis of dental caries. After the fermen
tation of sucrose by oral bacteria, sucrose molecules are converted into 
energy and a significant amount of acidic substances (Ferrazzano et al., 
2015). These substances increase the concentration of hydrogen ions, 
leading to a reduction in pH, and dissolve enamel, cementum and dentin 
(Ferrazzano et al., 2015). Frequent exposure to carbohydrates creates 
favorable conditions for the development of dental caries (Ferrazzano 
et al., 2015). The consumption of sweeteners instead of sucrose alters 
the metabolic process by decreasing lactic acid production in the oral 
cavity. Consequently, aspartame, saccharin, cyclamate, xylitol and 
mannitol are commonly utilized as sugar substitutes for patients with 
active dental caries (Ferrazzano et al., 2015; Gupta et al., 2013).

4.3.2. Erythritol reduces the risk of dental caries
Early studies have shown that erythritol inhibits growth, lactate 

production, and plaque formation in a variety of associated bacteria like 
S. mutans (deCock et al., 2016). Furthermore, erythritol does not act as a 
substrate for S. mutans cell aggregation and is not involved in cell 
adhesion (deCock et al., 2016). A 6-month human study was conducted 
to investigate the impact of sweets containing erythritol, xylitol and 
sorbitol on premonitory symptoms of dental caries. The present study 
demonstrated that erythritol, xylitol and sorbitol exhibited reductions in 
the weight of fresh plaques, with erythritol demonstrating superior ef
ficacy compared to xylitol and sorbitol (deCock et al., 2016).

4.3.3. Stevia glycosides as noncariogenic sweeteners
Brambilla et al. conducted an assessment of the impact of stevia 

extract on Streptococcus mutans biofilm formation in vitro and plaque 
pH in vivo (Brambilla et al., 2014). Three solutions containing 10 % 
stevioside, rebaudioside A, and sucrose were prepared (Brambilla et al., 
2014). Each solution was used to rinse the mouths of 20 volunteers for 1 
min, and plaque pH was measured at seven time points after each rinse 
(Brambilla et al., 2014). The experiment revealed a statistically signifi
cant reduction in pH value resulting from sucrose rinsing solution 
compared to stevia extract, indicating that stevia extract is non-acidic 
and does not cause substantial acidification leading to enamel dissolu
tion, thus exhibiting certain anti-caries properties (Brambilla et al., 
2014).

4.4. The therapeutic value of sweeteners for certain diseases

4.4.1. Various medical values of stevia glycosides
Multiple experimental studies have shown that steviol glycosides and 

their related compounds may have broad medical value (Ferrazzano 
et al., 2015; Orellana-Paucar, 2023), including anti-hyperglycemia, 
anti-hypertension, antioxidant (Dyrskog et al., 2005), anti-tumor 
(Chen et al., 2018; Mizushina et al., 2005; Velesiotis et al., 2022), 
antiviral (Takahashi et al., 2001), immunomodulatory actions 
(Boonkaewwan et al., 2006; Sehar et al., 2008), gastric, protective ac
tivity (Shiozaki et al., 2006), kidney protection, diuresis (Melis, 1995) 
and anti-diarrhea.

4.4.2. Mannitol is widely used in pharmaceutical and medical fields
Mannitol is chemically inert (Martínez-Miranda et al., 2022) and can 

be incorporated into pharmaceutical formulations of chewable tablets 
and pellet powders to prevent moisture absorption from the air 
(Akinterinwa et al., 2008). It also serves as a medication for diabetic 
patients (Ohrem et al., 2014). In sugar-free gum, mannitol is 
non-cariogenic and imparts a sweet taste (Ortiz et al., 2013). In the 
nano-confinement of acetaminophen, mannitol increases the dissolution 
rate of the drug (Saffari et al., 2016). Mannitol is utilized in the treat
ment of ischemia-reperfusion injury during renal transplantation and 
partial nephrectomy (Lugo-Baruqui et al., 2019). In products that 
contain hyaluronic acid, mannitol serves as a protective agent against 
reactive oxygen species in vivo (André and Villain, 2017). Additionally, 
mannitol can be employed to evaluate bronchial hyper-responsiveness, 
which aids in the diagnosis of asthma (Backer, 2019).

5. The disadvantages of food sweeteners (see Table 2)

5.1. Effects on gut microbes

5.1.1. Mechanisms by which artificial sweeteners affect the gut microbiota
The mechanisms by which artificial sweeteners influence the gut 

microbiota may encompass two primary aspects. Firstly, artificial 
sweeteners can alter the composition and abundance of gut microbiota 
by modulating their metabolic pathways or modifying their living 
environment (Di Rienzi and Britton, 2020). Secondly, gut microbiota 
alter their genetic information to enhance their competitiveness for 
growth and reproduction (Di Rienzi and Britton, 2020).

Aspartame mainly resulted in an increase in Enterobacteriaceae and a 
decrease in Clostridium cluster XI (Feng et al., 2024). Clostridium cluster XI 
is a probiotic, and the reduction of Clostridium cluster XI may affect the 
number of pathogenic bacteria in other gut microbiota (Feng et al., 
2024). The increase in Enterobacteriaceae may produce more harmful 
proteins, gases, and short-chain fatty acids, which in turn affect the in
testinal microbial population (Feng et al., 2024).

Sucralose led to an increase in the abundance of Firmicutes while 
causing a decrease in Lactobacillus acidophilus (Méndez-García et al., 
2022). These microbial alterations are correlated with changes in insulin 
levels, insulin homeostasis, as well as inflammation in both the gut and 
liver (Méndez-García et al., 2022).

Administration of Ace-K significantly enhances lymphocyte migra
tion to intestinal microvessels, elevates the levels of pro-inflammatory 
cytokines, and suppresses the expression of both GLP-1R and GLP-2R 
receptors (Hanawa et al., 2021). As a result, Ace-K affected multiple 
gut microbial populations including Actinobacteria, Bacteroidetes, Defer
ribacteres, Proteobacteria and Verrucomicrobia (Hanawa et al., 2021).

Short-term consumption of saccharin did not significantly alter the 
composition of the gut microbiota (Serrano et al., 2021). However, the 
effects of saccharin remain controversial among scholars, necessitating 
additional experimental investigations to clarify its biological and 
physiological impacts.
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5.1.2. Non-caloric artificial sweeteners (NAS) supplements cause dysbiosis 
of gut microbes

To investigate the effects of artificial sweeteners on gut microbiota, 
Suez and colleagues performed a series of experiments with NAS sup
plements consisting of saccharin, sucralose or aspartame, which were 
added to the daily diet of 10-week-old C57Bl/6 mice (Suez et al., 2014). 
The results showed that the intake of NAS supplements could induce 
intestinal microbiota dysbiosis and glucose intolerance by inducing 
changes in the composition and function of intestinal microbiota in mice 
(Suez et al., 2014).

On the basis of this experiment, Suez et al. collected data from 172 
randomly selected healthy subjects for analysis (Suez et al., 2014). The 
findings indicate that the human gut microbiota changes after con
sumption of sweeteners, particularly non-caloric artificial sweeteners, 
and the consumption of NAS may be positively correlated with the 
Enterobacteriaceae family, the Deltaproteobacteria class, and the Actino
bacteria phylum (Suez et al., 2014). In addition, in a week-long follow-up 
study of seven healthy subjects, they obtained results similar to those in 
the mouse experiment (Ruiz-Ojeda et al., 2019; Suez et al., 2014).

The results of these three experiments suggest that the consumption 
of NAS supplements (especially large doses of saccharin) may induce 
alterations the gut microbiota, which can have harmful effects on 
glucose tolerance. Notably, some of the bacterial taxa that changed after 
NAS supplements consumption were associated with T2D in humans 
(Ruiz-Ojeda et al., 2019; Suez et al., 2014).

5.1.3. Ace-K alters intestinal microbial diversity
To investigate the effects of high-intensity Ace-K on the gut micro

biota, Frankenfeld et al. conducted a 4-day food record study in 31 
adults, collected stool samples on day 5, and compared bacterial di
versity in the samples using UniFrac analysis (Frankenfeld et al., 2015). 
The results show that the overall bacterial diversity of Ace-K consumers 
and non-consumers is different (Frankenfeld et al., 2015). Following 
Ace-K consumption, the number of bacterial species in the human gut 
decreased from 24 to 7, and the diversity of intestinal microbes 
decreased (Frankenfeld et al., 2015; Ruiz-Ojeda et al., 2019).

In another study, Bian et al. treated CD-1 mice (approximately 8 
weeks of age) with Ace-K by gavage (Bian, Chi, Gao, Tu, Ru and Lu, 
2017a). After a 4-week treatment, it was found that Ace-K disrupted the 
gut microbiome of mice, and the changes were highly sex-specific (Bian, 
Chi, Gao, Tu, Ru and Lu, 2017a). The abundance of Bacteroides and 
Sutterella in the gut of male mice was significantly increased, and 
ingestion of Ace-K may disrupt intestinal bacterial composition and 
activate bacterial energy harvesting pathways, resulting in a significant 
increase in male mouse body weight (Bian, Chi, Gao, Tu, Ru and Lu, 
2017a). However, several intestinal bacteria genera, such as Lactoba
cillus and Clostridium, were also significantly reduced in the gut of female 
mice, and the consumption of Ace-K impairs the polysaccharide diges
tion and fermentation ability of the gut microbiome in female mice, 
possibly further affecting the host’s energy collection (Bian, Chi, Gao, 
Tu, Ru and Lu, 2017a; Ruiz-Ojeda et al., 2019).

5.1.4. Sucralose perturbs the gut microbiota and increases the risk of 
inflammation

In a recent experiment aimed at investigating the structural and 
functional effects of sucralose on the host gut microbiota and associated 
inflammation, C57BL/6 male mice were given drinking water contain
ing sucralose (0.1 mg/ml) for 6 months to detect differences in the 
composition and metabolites of the mice’s gut microbiota, as well as the 
expression of inflammatory genes (Bian, Chi, Gao, Tu, Ru and Lu, 
2017b).

The results showed that the consumption of sucralose for six months 
changed the composition of the gut microbiome, fecal metabolites, and 
the expression of pro-inflammatory genes in the liver of the mice (Bian, 
Chi, Gao, Tu, Ru and Lu, 2017b). At the same time, the enrichment of 
bacterial pro-inflammatory genes and the destruction of fecal metabo
lites suggest that 6 months of sucralose ingested at an ADI for humans 
may disrupt the gut microbiota, release more pro-inflammatory medi
ators and alter functional metabolites, thereby increasing the risk of 
developing tissue inflammation and further affecting other physiological 
functions in the body (Bian, Chi, Gao, Tu, Ru and Lu, 2017b).

5.2. Effects on glycemic levels

5.2.1. Sweeteners increase the risk of T2D
Most people believe that sweeteners do not pose a risk of raising 

blood sugar levels, hence sweeteners are often used as substitutes for 
sugar. However, in an 18-year follow-up study conducted by Fagherazzi 
et al. involving 61,440 women, it was found that frequent and prolonged 
consumption of artificial sweeteners in sachet or tablet form was asso
ciated with an increased risk of T2D (Fagherazzi et al., 2017). This in
dicates that artificial sweeteners may have a cumulative effect on the 
development of T2D (Fagherazzi et al., 2017). A large-scale cohort study 
(with a median follow-up period of 9.1 years) also indicated that in
dividuals who consumed higher amounts of artificial sweeteners had a 
greater risk of developing T2D compared to those who did not consume 
artificial sweeteners (Debras et al., 2023).

The consumption of artificial sweeteners may lead to overeating, 
reduced secretion of hormones such as GLP-1, and impaired blood 
glucose regulation, which could ultimately contribute to the develop
ment of diabetes (Fagherazzi et al., 2017). Additionally, the high con
sumption of artificial sweeteners can also activate sweet taste receptors 

Table 2 
Recent findings of sweeteners.

Sweeteners 
and related 
products

Research population 
or experimental 
subjects

Conclusions References

Sweetened 
beverages

Pancreatic cancer 
patients and 
patients without 
cancer diagnosis

A positive correlation 
between consumption of 
beverages containing 
sweeteners and the 
development of 
pancreatic cancer.

Davis et al. 
(2023)

Aspartame Aspartame and the 
target of gastric 
cancer

Aspartame may promote 
the progression of gastric 
cancer by affecting 
multiple keys signaling 
proteins and regulatory 
factors.

Chen and 
Hou (2024)

Aspartame, 
Ace-K

Adults aged ≥18 
years with Internet 
access

Aspartame and Ace-K are 
associated with cancer 
risks, especially breast 
cancer and obesity- 
related cancers.

Debras et al. 
(2022)

Ace-K C57BL/6 J mice (8 
weeks old)

Ace-K affected multiple 
gut microbial 
populations including 
Actinobacteria, 
Bacteroidetes, 
Deferribacteres, 
Proteobacteria and 
Verrucomicrobia

Hanawa 
et al. (2021)

Erythritol Patients and healthy 
volunteers

Elevated levels of 
erythritol directly 
enhance platelet 
reactivity and increase 
the risk of thrombosis by 
promoting calcium 
release and aggregation 
within platelet cells, 
thereby augmenting 
platelet responsiveness 
to various agonists.

Witkowski 
et al. (2023)

Sucralose Male C57BL/6 mice 
(8 weeks old)

Sucralose may promote 
ROS production via taste 
receptor T1R3, thereby 
facilitating hepatic 
lipogenesis.

Wu et al. 
(2022)
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T1R2 and T1R3, which may participate in metabolic regulation pro
cesses such as sugar perception, glucose homeostasis, and the release of 
satiety hormones (Fagherazzi et al., 2017). This could potentially pro
mote intestinal glucose absorption and energy intake, thereby contrib
uting to an increased risk of obesity and diabetes (Fagherazzi et al., 
2017).

5.2.2. Sucralose may induce insulin resistance
In a randomized, double-blind crossover study, daily intake of 200 

mg sucralose for four consecutive weeks was found to reduce systemic 
and hepatic insulin sensitivity in healthy volunteers (Lertrit et al., 2018). 
Prolonged use of sucralose may induce insulin resistance and reduce the 
acute insulin response, which could potentially serve as the earliest in
dicators for the development of T2D (Lertrit et al., 2018).

However, the clinical significance of these findings remains to be 
further elucidated (Lertrit et al., 2018). These observations indicate that 
artificial sweeteners may not be entirely beneficial for human health.

5.2.3. Sweetened beverages increase the risk of diabetes
An observational study by Nicolì et al. assessed the association be

tween consumption of non-nutritious sweetened soft drinks and the risk 
of gestational diabetes in 376 pregnant women who were continuously 
screened for gestational diabetes at the Diabetes Clinic of the University 
Hospital of Pisa and found that consumption of non-nutritive-sweetened 
soft drinks was associated with an increased risk of gestational diabetes 
(Nicolì et al., 2021).

Additionally, in another study to assess the association between 
artificially sweetened beverages (ASBs) and SSBs consumption and the 
risk of developing diabetes, analysis of data from 64,850 post
menopausal women revealed that 4675 women developed diabetes 
during an average follow-up of 8.4 years (M. Huang et al., 2017). Both 
the intake of ASBs and SSBs was associated with an increased risk of 
diabetes. Furthermore, a dose-dependent relationship was observed 
between higher ASB consumption and an increased risk of developing 
diabetes in postmenopausal women (M. Huang et al., 2017). Therefore, 
the impact of sweeteners on blood glucose should be considered, and 
they should be used with caution.

5.3. Damage on circulatory system

5.3.1. Higher intake of ASBs increase the incidence of stroke
A multicenter longitudinal study of postmenopausal women in the 

United States (mean follow-up: 11.9 years) found that increased intake 
of ASBs was associated with a higher risk of stroke, particularly the small 
artery occlusion subtype, as well as an increased risk of coronary heart 
disease and all-cause mortality (Mossavar-Rahmani et al., 2019). How
ever, due to the observational nature of this study, the underlying bio
logical mechanisms remain to be explored.

5.3.2. Artificial sweeteners lead to the loss of anti-atherosclerotic activity
A study demonstrated that high-dosage treatment with artificial 

sweeteners (including aspartame, Ace-K, and saccharin) on human high- 
density lipoprotein (HDL) may impair the beneficial functions of HDL, 
resulting in the loss of antioxidant and anti-atherosclerotic activities 
(Kim et al., 2015). Aspartame and saccharin may cause toxicity to the 
human circulatory system by damaging the function of lipoproteins 
(Kim et al., 2015). Furthermore, Long-term consumption of artificial 
sweeteners, even though in lower dose, may accelerate atherosclerosis 
progression and promote cellular senescence via impairment of the 
function and structure of apolipoprotein A-I (apoA-I) and HDL (Jang 
et al., 2011).

5.3.3. Artificial sweeteners are associated with the risk of cardiovascular 
diseases

Furthermore, a study spanning over a decade revealed that 
substituting sugar with artificial sweeteners conferred no benefit for 

cardiovascular diseases outcomes (Debras et al., 2022). Specifically, 
aspartame consumption was linked to an increased incidence of cere
brovascular events, while Ace-K and sucralose were correlated with a 
higher risk of coronary heart disease (Debras et al., 2022).

In a large-scale cohort study, researchers identified a significant 
correlation between erythritol and the risk of major adverse cardiovas
cular events (MACE; includes death or nonfatal myocardial infarction or 
stroke) and thrombosis (Witkowski et al., 2023). Mechanistic studies 
have demonstrated that elevated levels of erythritol directly enhance 
platelet reactivity and increase the risk of thrombosis by promoting 
calcium release and aggregation within platelet cells, thereby aug
menting platelet responsiveness to various agonists (Witkowski et al., 
2023).

5.4. Damage on the embryonic development

5.4.1. Artificially sweetened soft drinks increase the risk of preterm delivery
Many people believe that the consumption of sweeteners can satisfy 

pregnant women’s cravings for sweetness while simultaneously miti
gating the risks of weight gain and gestational diabetes (Concha et al., 
2023). However, a Danish prospective cohort study suggests that daily 
consumption of artificially sweetened soft drinks may be associated with 
an elevated risk of preterm delivery (<37 weeks) (Halldorsson et al., 
2010). Additionally, The Norwegian Pregnant Cohort Study has also 
demonstrated that daily consumption of artificially sweetened bever
ages may increase the risk of preterm delivery in pregnant women 
(Englund-Ögge et al., 2012). However, due to the limitations of obser
vational studies, the mechanisms underlying the increased risk of pre
term birth remain to be elucidated.

5.4.2. Artificial sweeteners increase offspring’s sweet food preference
Research indicates that children’s taste preferences may be influ

enced in utero by maternal dietary exposure (Goran et al., 2019; Ventura 
and Worobey, 2013). The capacity for taste perception originates from 
the development and initial functioning of gustatory and olfactory sys
tems in the utero (Ventura and Worobey, 2013).

An animal study demonstrated that maternal intake of Ace-K during 
pregnancy or lactation alters sweet preference in adult offspring (Goran 
et al., 2019; Zhang et al., 2011). Ace-K may be transferred to amniotic 
fluid or breast milk after absorption by the digestive tract epithelium, 
and mice can ingest sweeteners through maternal amniotic fluid (pre
natal) or breast milk (postnatal), thus affecting the sweet taste prefer
ence of adult mice (Goran et al., 2019; Zhang et al., 2011). Additionally, 
in another study, prenatal exposure to aspartame was found to increase 
the consumption of sweet foods in adulthood (Goran et al., 2019; von 
Poser Toigo, Huffell, Mota, Bertolini, Pettenuzzo and Dalmaz, 2015). 
Therefore, the use of sweeteners should be approached with caution 
during pregnancy and lactation.

5.5. Promoting on the weight gain and hepatic lipogenesis

5.5.1. ASBs are associated with childhood obesity
A longitudinal study involving 13,170 children aged 7–11 years 

revealed that the consumption of ASBs was associated with body mass 
index (BMI) and body fat percentage in prepubertal children (Laverty 
et al., 2015). Moreover, a regional study involving 1200 children in 
England found that the intake of ASBs was positively correlated with 
changes in obesity among children aged 5–9 years (Laverty et al., 2015).

Sweeteners may increase appetite or train the palate to enjoy similar 
sweet foods, and may also lead individuals to consciously over
compensate for these low calorie choices and overindulge in other intake 
(Laverty et al., 2015). However, these mechanisms require further 
investigation.

5.5.2. Saccharin induces weight gain and obesity
In a 14-week experiment involving 16 male Wistar rats, it was shown 
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that despite similar total caloric intake, the weight gain induced by 
saccharin was more significant compared to the non-sugar control group 
(Foletto et al., 2016). Similarly, in the study on Sprague-Dawley rats, 
Swithers and Davidson also demonstrated that rats consuming 
saccharin-sweetened yogurt exhibited greater increases in body weight 
and body fat compared to those consuming glucose-sweetened yogurt 
(Swithers and Davidson, 2008). These results may suggest that 
consuming artificial sweeteners could lead to weight gain and obesity by 
disrupting fundamental homeostatic and physiological processes 
(Swithers and Davidson, 2008).

5.5.3. Sucralose facilitates hepatic lipogenesis
Among artificial sweeteners, sucralose is considered safe and widely 

used due to its pH and thermal stability (Wu et al., 2022). However, 
some studies have suggested that sucralose may promote the upregu
lation of pro-inflammatory gene expression in the liver, induced hepatic 
lymphocytic infiltration, and increase the levels of hepatic 
lipogenesis-related gene in rats (Wu et al., 2022).

In order to investigate the impact of sucralose on hepatic steatosis 
associated with obesity, Wu et al. conducted a 12-week experiment on 
male C57BL/6 mice to assess the effects of sucralose on hepatic lipid 
accumulation (Wu et al., 2022). The experimental results at 12 weeks 
demonstrated that both the HFD group (fed a high-fat diet) and the 
HFSUC group (HFD supplemented with sucralose) exhibited significant 
body weight gain compared to the Chow group (fed with a chow diet) 
(Wu et al., 2022). Notably, the HFSUC group showed significantly 
higher liver weight than the HFD group (Wu et al., 2022). These data 
suggested that sucralose supplementation exacerbated high-fat diet-in
duced hepatic steatosis (Wu et al., 2022). Sucralose may promote ROS 
production via taste receptor T1R3, thereby facilitating hepatic lipo
genesis (Wu et al., 2022).

5.5.4. Aspartame and sucralose induce cytoplasmic fatty change of liver
To investigate the effects of aspartame and sucralose on the cyto

plasmic fatty change of liver, Haq et al. conducted a study using Wistar 
albino rats (Haq et al., 2019). The experimental results demonstrated 
that both aspartame and sucralose caused fatty changes in liver cells 
(Haq et al., 2019). Notably, the effect was most obvious in the high-dose 
aspartame group, and the least obvious in the low-dose sucralose group 
(Haq et al., 2019). The fatty change observed in this study may be 
attributed to oxidative stress (Haq et al., 2019). However, further 
research is required to elucidate the effects of prolonged sweetener 
exposure.

5.6. Promoting on cancer development

5.6.1. Aspartame may promote the progression of gastric cancer
In a new study, Chen et al. combined network toxicology with mo

lecular docking strategies to explore the potential carcinogenicity of 
aspartame and its molecular mechanism of action, and conducted pre
liminary validation through microarray data analysis and survival 
analysis (Chen and Hou, 2024).The findings suggest that aspartame has 
the potential to affect various cancer-related proteins, interfere with 
biomolecular function, and increase the likelihood that cells will cause 
cancer (Chen and Hou, 2024).

So that, aspartame may promote the progression of gastric cancer by 
affecting multiple keys signaling proteins and regulatory factors (Chen 
and Hou, 2024). Key proteins like AKT1, IL1B, SRC, EGFR, MMP9, 
CCND1, GSK3B, CASP3, NFKBIA, and MMP2 play roles in various bio
logical functions such as cell growth, cell death, immune response, cell 
attachment, and restructuring of the extracellular matrix (Chen and 
Hou, 2024).

5.6.2. Sweeteners increase the risk of pancreatic cancer
Pancreatic cancer is a highly lethal malignancy. A report by Davis 

et al. mentions numerous studies showing a positive correlation between 

consumption of beverages containing sweeteners and the development 
of pancreatic cancer (Davis et al., 2023).

Increased sweetener intake is more likely to cause weight gain and 
T2D. These unhealthy factors further contribute to insulin resistance, 
oxidative stress, and chronic inflammation, a range of diseases associ
ated with the development and progression of cancer. Insulin resistance 
increases the production of insulin-like growth factor. Insulin-like 
growth factor is associated with increased cell proliferation and sur
vival, which can be carcinogenic and increase the risk of pancreatic 
cancer (Davis et al., 2023).

5.6.3. Artificial sweeteners increase the risk of breast cancer and obesity- 
related cancers

The NutriNet-Sante study began in 2009 with 102,865 French vol
unteers (78.5 % female) followed for a median of 7.8 years (Debras et al., 
2022). This large-scale population-based cohort study suggests associ
ations between artificial sweeteners, especially aspartame and Ace-K, 
and cancer risk, more specifically breast cancer and obesity-related 
cancers (Debras et al., 2022).

Multiple in vitro studies have also demonstrated that aspartame 
significantly increases the risk of cancer through mechanisms related to 
inflammation, angiogenesis, promotion of DNA damage, and inhibition 
of apoptosis (Czarnecka et al., 2021).

5.6.4. Aspartame increases the risk of thyroid cancer
Navdeep Singh et al. completed a retrospective observational study. 

This retrospective observational study enrolled 50 patients with proven 
diagnosis of well-differentiated thyroid cancer and 50 control subjects 
diagnosed as having benign thyroid nodule by fine-needle aspiration 
(Singh et al., 2020). They found an increased risk of thyroid cancer with 
artificial sweetener consumption (Singh et al., 2020).

One study mentioned that aspartame is further metabolized into 
formaldehyde in the body. Formaldehyde causes degeneration of thy
roid follicular epithelial cells (Sachmechi et al., 2018). It is also possible 
that formaldehyde increases stimulation of the thyroid follicles, which 
rapidly worsens the gland’s capacity (Sachmechi et al., 2018).And ac
cording to another research, artificial sweeteners significantly reduce 
the number of beneficial bacteria in the gut, which leads to an increase 
in pH (Sachmechi et al., 2018). As the massive reduce of gut microbes, 
which suppresses the immune system and then the thyroid gland 
(Sachmechi et al., 2018).

6. Discussion

Embarking on a journey through the lens of scientific scrutiny, a 
burgeoning body of evidence, initially rooted in experimental en
deavors, sheds light on the multifaceted implications of artificial 
sweetener consumption. These sweet substitutes, pitted against their 
caloric counterparts, have unfurled a tapestry of benefits, notably for 
individuals embroiled in the battle against obesity. The nexus between 
artificial sweeteners and weight mitigation unfurls a promising narra
tive, heralding not only a decline in adiposity for those with excessive 
weight but also a maintenance of a healthful weight continuum for in
dividuals within the normal weight spectrum.

The physiological nuances tethered to artificial sweetener con
sumption extend to the glycemic realm, where a modulation of blood 
glucose levels takes center stage. The mechanistic underpinning of this 
glucose modulation hinges on the interaction between artificial sweet
eners and GPS-1 cells nestled within the gastrointestinal tract. This 
interaction orchestrates a modulatory dance, influencing the secretion 
of these cells, thereby painting a picture of glycemic regulation. More
over, the narrative of short-term supplementation with artificial 
sweeteners unveils a potential boon for patients grappling with digestive 
disorders, especially those with residual GPS-2 isolated cells (Iizuka, 
2022). Moreover, artificial sweeteners may act as deterrents against 
dental caries by altering the proliferation of oral bacteria and the 
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resultant production of acidic substances, thus, they are perceived as an 
advantageous choice for fostering oral health (Ferrazzano et al., 2015). 
The interplay between artificial sweeteners, oral bacteria proliferation, 
and the genesis of acidic substances sketches a scenario of reduced 
dental caries risk (Ferrazzano et al., 2015). This, in turn, propels artifi
cial sweeteners to the forefront as a harbinger of oral health promotion 
(Ferrazzano et al., 2015).

With the expanding user base and escalating popularity of artificial 
sweeteners, a burgeoning contingent of researchers have embarked on 
investigations into their supplementary effects on human physiology, 
and the underlying mechanistic pathways, propelling further scrutiny 
into the potential risks linked to their consumption. A substantial body 
of research conducted over the preceding decade has elucidated that the 
employment of artificial sweeteners can perturb the stability and 
biodiversity of intestinal microbiota, alongside inducing a decrement in 
intestinal enzyme activity and fostering glucose intolerance within 
consumers (Suez et al., 2014). Furthermore, it may augment the likeli
hood of gastrointestinal inflammation.

In an extended perspective, the prolonged and habitual ingestion of 
sweeteners might culminate in blood glucose level aberrations, height
ened fat accumulation and steatosis, alongside an amplified risk of 
diabetes. Recent scholarly inquiries have underscored a possible corre
lation between the intake of erythritol and the onset of adverse car
diovascular events (Witkowski et al., 2023), while aspartame has been 
purported to harbor carcinogenic attributes (Chen and Hou, 2024). 
These empirical revelations accentuate the profound implications of 
sweeteners on the predisposition towards cardiovascular ailments and 
cancer, rendering a comprehensive understanding of artificial sweet
eners’ physiological impacts imperative for public health policy and 
individual dietary choices.

In summary, while artificial sweeteners present a promising alter
native to sugar with regards to weight management and blood sugar 
regulation, the burgeoning body of evidence pointing towards potential 
adverse effects, particularly in the realms of gastrointestinal health, 
metabolic disorders, cardiovascular diseases, and oncogenesis, necessi
tates a judicious approach in their endorsement and utilization. The 
ongoing research endeavors aimed at unraveling the intricate interplay 
between artificial sweeteners, human physiology, and disease suscepti
bility will indubitably contribute to a more nuanced understanding and 
consequently, more informed dietary recommendations. As the 
pendulum of scientific inquiry swings, the comprehensive elucidation of 
the benefits and potential pitfalls of artificial sweeteners continues to be 
an academic and public health priority. Through the lens of rigorous 
scientific inquiry, the journey towards unraveling the full spectrum of 
artificial sweetener implications continues unabated.

7. Outlook

While the advantages and disadvantages are contradictory, it is 
imperative to conduct more extensive large-scale experiments in order 
to further investigate the effects and mechanisms of sweetener usage on 
glucose metabolism and fat metabolism under insulin influence. Addi
tionally, it is crucial to evaluate both the advantages and disadvantages 
of sweeteners on blood glucose levels and body weight. In order to 
control diabetes, obesity and other common long-term public problems 
worldwide that need to be controlled and solved. Some animal experi
ments on the effect of sweetener use on digestive tract diseases can also 
be developed to study the good or bad of sweetener for common and 
special types of digestive tract diseases and whether there is a remission 
effect. For dental caries, a variety of different sweeteners can be used in 
combination with other drugs to see whether the treatment effect is 
improved, has no effect, or decreases the effect. Studies should also take 
into account individual differences in physical fitness. Through a 
comprehensive introduction to sweeteners, our goal is to assist in
dividuals in accurately comprehending the impact of sweeteners on the 
human body, so that healthy individuals to use sweetener-containing 

products appropriately according to their own needs, patients with 
gastrointestinal diseases, hyperglycemia, diabetes, cardiovascular dis
eases, pregnant women and other individuals should regulate the intake 
of sweeteners based on their physical conditions in order to prevent or 
alleviate disease progression, so as to achieve today’s social needs for 
the goal of healthy life.
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Muñoz, M., Velásquez-Chávez, V.F., Hernández-Torres, C.E., Gontarek-Castro, E., 
Ahmad, M.Z., 2022. Natural sweeteners: sources, extraction and current uses in 
foods and food industries. Food Chem. 370, 130991. https://doi.org/10.1016/j. 
foodchem.2021.130991.

Q.-Y. Hong et al.                                                                                                                                                                                                                                

https://doi.org/10.3390/foods9111592
https://doi.org/10.1016/j.copbio.2008.08.002
https://doi.org/10.1016/j.copbio.2008.08.002
https://doi.org/10.1016/b978-0-12-407691-4.00010-1
https://doi.org/10.1016/b978-0-12-407691-4.00010-1
https://doi.org/10.1111/ics.12386
https://doi.org/10.1016/j.jaci.2019.06.048
https://doi.org/10.1371/journal.pone.0178426
https://doi.org/10.3389/fphys.2017.00487
https://doi.org/10.1093/ajcn/65.2.409
https://doi.org/10.1093/ajcn/65.2.409
https://doi.org/10.1021/jf0523465
https://doi.org/10.1159/000351650
https://doi.org/10.1016/j.foodchem.2021.130991
https://doi.org/10.1016/j.foodchem.2021.130991


Current Research in Food Science 10 (2025) 101032

11

Chattopadhyay, S., Raychaudhuri, U., Chakraborty, R., 2014. Artificial sweeteners - a 
review. J. Food Sci. Technol. 51 (4), 611–621. https://doi.org/10.1007/s13197-011- 
0571-1.

Chen, D., Hou, X., 2024. Aspartame carcinogenic potential revealed through network 
toxicology and molecular docking insights. Sci. Rep. 14 (1), 11492. https://doi.org/ 
10.1038/s41598-024-62461-w.

Chen, J., Xia, Y., Sui, X., Peng, Q., Zhang, T., Li, J., Zhang, J., 2018. Steviol, a natural 
product inhibits proliferation of the gastrointestinal cancer cells intensively. 
Oncotarget 9 (41), 26299–26308. https://doi.org/10.18632/oncotarget.25233.

Choudhary, A.K., Pretorius, E., 2017. Revisiting the safety of aspartame. Nutr. Rev. 75 
(9), 718–730. https://doi.org/10.1093/nutrit/nux035.
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