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Abstract
Artificial sweeteners are sugar substitutes that provide high sweetening power associated with low
accompanied calories. In this study, we aim to review the data on the use, benefits, side effects, and cancer
risks of artificial sweeteners. We reviewed data in the PubMed, MEDLINE, Google Scholar, Embase, and
Scopus databases to search for studies about artificial sweeteners from the inception of the database to July
20, 2023, published in the English language. We discuss systematic reviews and meta-analyses, randomized
clinical trials, and observational cohort studies that address the use of artificial sweeteners and their effect
on health. In our review, we show that artificial sweeteners have been shown to impact various functions of
the gastrointestinal system. Other studies have demonstrated an association with neurologic symptoms such
as headache and taste alteration. Moreover, recent studies have established an association between artificial
sweeteners and cardiovascular risk and diabetes. Importantly, the majority of research data show no link
between the use of artificial sweeteners and cancer risk. Although most studies show that there is no
established link between these products and cancer risk, artificial sweeteners are associated with multiple
diseases. Hence, more studies are needed to better characterize the effect of artificial sweeteners on human
health.
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Introduction And Background
Artificial sweeteners (ASs), also known as high-intensity sweeteners, are sugar substitutes that provide high
sweetening power associated with low accompanied calories [1,2]. Currently, there are six ASs approved by
the Food and Drug Administration (FDA) [3]. These additives are known for their intense sweetness, often
multiple times sweeter than sugar, allowing for smaller amounts to be used to achieve the desired level of
saccharinity [1]. Their use has been beneficial in multiple fields, including weight and diabetes management
[4], food and beverage sweetening [5], and oral health products and medicine [6].

The use of ASs has been constantly increasing in recent years. In the United States, it has been reported that
almost 25% of children and more than 41% of adults have used ASs between 2009 and 2012 [7]. In addition,
the cost of ASs reached approximately $2.2 billion in 2020 and is continuously expected to increase
worldwide [8].

However, multiple studies have shown various side effects associated with the use of these sweeteners.
These side effects include gastrointestinal symptoms [9], neurologic [10] and taste perception changes [11],
allergic reactions [12], insulin and metabolic effects [13], and cardiovascular effects [14]. In addition, ASs
have been shown to affect the gut microbiota that may mediate certain side effects [15]. Most importantly,
many researchers have assessed the potential effect of ASs on the cancer risk of people who consume these
products [16,17]. In this study, we aim to review the data on the use, benefits, side effects, and cancer risk of
ASs. We used the following keywords in our search: “artificial sweeteners,” “sweeteners,” and “AS.” We
included all articles that studied ASs without exclusions.

Review
Methodology
In this clinical review, we reviewed data in the PubMed, MEDLINE, Google Scholar, Embase, and Scopus
databases to search for studies about ASs from the inception of the database to July 20, 2023, published in
the English language. We discuss systematic reviews and meta-analyses, randomized clinical trials (RCTs),
and observational cohort studies that address the use of ASs and its effect on health.

Results
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History, Benefits, and Uses

In 1879, Constantin Fahlberg, a chemist at the laboratory of Ira Remsen at Johns Hopkins University,
discovered saccharin, which became the first commercially available AS [18]. It was accidentally synthesized
while Fahlberg was working on coal tar derivatives. Later, in the early 20th century, more sweeteners were
introduced to the market, including cyclamate and aspartame. However, serious carcinogenicity concerns
were raised regarding cyclamate, resulting in an FDA ban during the 1970s [19]. Eventually, more sweeteners
were consumed worldwide. As of 1974, six ASs were approved by the FDA as food additives, i.e., aspartame
(1974), saccharin (1977), acesulfame potassium (1988), sucralose (1998), neotame (2002), and advantage
(2014) (Table 1) [3].

Artificial sweetener FDA approval Sweetness** Cancer risk

Aspartame 1974 200 None*

Saccharin 1977 300 None

Acesulfame potassium 1988 200 None

Sucralose 1998 600 None

Neotame 2002 7,000–13,000 None

Advantame 2014 20,000 None

TABLE 1: Food and Drug Administration (FDA)-approved artificial sweeteners, their sweetness
compared to table sugar, common side effects, and associated cancer risk.
*: Few studies suggest an association with cancer risk in rodents, but not humans.

**: Sweetness compared to table sugar.

ASs have been used in various food industries for multiple uses and benefits. First, these sweeteners have
been used in numerous areas in the food and beverage industry, including soft drinks, desserts, dairy
products, coffee, and processed foods. These sweeteners aim to provide a sweet taste with minimal calories
associated with sugar [5]. Second, AS provides medical benefits for weight management and in patients with
diabetes mellitus. The lack of high caloric content of sugar allows patients to avoid the weight gain
associated with sugar calories. Hence, patients who are overweight and obese benefit from these products to
hinder further weight gain. In addition to weight management interventions, including lifestyle
interventions and diet [20], anti-obesity medication [21], and bariatric procedures [22], ASs have been
utilized to aid in achieving weight loss in patients who are overweight or obese [4]. ASs have also been used
in diabetes diets to alleviate the regular spike in blood glucose after meals [23]. However, multiple studies
have shown contradictory evidence of the positive effect of ASs on metabolic diseases and obesity [24].
Third, ASs have also been used in oral health products, including liquid medicine, cough syrups, and
toothpaste. This has significantly enhanced the use of these products worldwide [6,25].

Role in Weight Management

AS have been increasingly used as healthier alternatives to sugar-sweetened products to curb the obesity
epidemic. However, the evidence supporting their use for weight reduction or weight maintenance has been
inconclusive. In a meta-analysis of 56 studies, of which 17 were RCTs, there was no statistically significant
body weight change between adults given ASs and those given various sugars or a placebo [26]. However, a
subgroup analysis of this study showed that consumption of ASs was associated with greater weight loss
than consumption of caloric sweeteners or placebo. In another study [27], artificially sweetened beverage
consumption was linked to an elevated body mass index, as noted in over 5,000 adults, followed for eight
years, as well as an increase in abdominal obesity (measured by waist circumference) during the nine-year
follow-up.

The increasing use of artificially sweetened beverages to replace water has also been extensively studied. In
an RCT comparing 300 people who were overweight or obese [27], consuming over 24 ounces of artificially
sweetened beverages led to a greater degree of weight loss compared to the cohort drinking the same
quantity of water. In another RCT [28], the replacement of water with an artificially sweetened beverage led
to increased weight loss at 12 months.

Patients who are planning to undergo bariatric surgery are often recommended a low-calorie diet to promote
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preoperative weight reduction and reduce the risk of surgical complications. In such instances, ASs have
been used as flavor enhancers for low-energy foods [29].

Side Effects

Gastrointestinal: ASs impact various functions of the gastrointestinal system, including the gut microbiome,
gastrointestinal motility, intestinal absorption and permeability, and the anatomy of the gastrointestinal
tract [9].

Gut microbiome: Gut bacteria regulate metabolic homeostasis by influencing processes such as glucose
tolerance, insulin sensitivity, fat storage, hunger, and inflammation. A healthy intestinal microbial
community can improve appetite, energy, adipogenesis, and thermoregulation.

Various animal studies have shown that feeding ASs to rats led to a decrease in the ratio of anaerobes to
aerobes [30], notable augmentation in the mass of cecal contents, and a dose-dependent increase in the
fecal content of soluble polysaccharides, leading to an increased availability of carbohydrates for the gut
microbiota [31]. When ASs was used for more than 20 weeks, the average amount of ammonia in the cecal
contents increased by 30-50%. At the same time, the activity of several bacterial enzymes decreased, which
led researchers to think that this was one way ASs affected the gut microbiome [31]. ASs have been noted to
alter the metabolism of amino acids by gut flora, resulting in the generation of carcinogenic substances.
Additionally, researchers have postulated that saccharin has the potential to impede the process of
intestinal protein digestion, resulting in heightened bacterial metabolism [32]. In an RCT comparing ASs
(sucralose and maltodextrin) to a control group, Bifidobacterium, Lactobacillus, and Bacteroides levels were
much lower in the AS group than in the control group. However, it did not demonstrate any discernible
impact on enterobacteria. When sucralose and maltodextrin were used together, the pH of the feces
increased, and the amount of P-glycoprotein and CYP450 enzymes in the intestines was higher [33].

Human studies performed by Suez et al. evaluated the impact of ASs on the human microbiome. A total of
381 individuals without diabetes who self-reported regular consumption of ASs, as determined by a food
frequency questionnaire, were included. The study demonstrated a significant association between the
consumption of ASs and the development of central obesity, elevated fasting blood glucose levels, increased
hemoglobin A1c levels, impaired glucose tolerance, and elevated alanine aminotransferase levels. In
addition, a subgroup analysis was conducted to compare those who consumed higher amounts of ASs with
those who did not consume any ASs. The results of this analysis revealed a statistically significant elevation
in hemoglobin A1c levels, even after controlling for body mass index. A total of 172 people were randomly
selected from this cohort, and their intestinal microbial composition exhibited alterations, specifically
marked by elevated levels of Actinobacteria phylum, Deltaproteobacteria, and Enterobacteriaceae [34].

Gastrointestinal motility: The potential impact of ASs on gastrointestinal motility is primarily mediated
indirectly through its influence on the release of incretin hormones and serotonin. Several ASs have been
found to induce elevations in the levels of cholecystokinin, which delays stomach emptying, and gastric
inhibitory polypeptide, which may have an inhibitory effect on gastric emptying. ASs have also been
demonstrated to increase glucagon-like-peptide-1 (GLP-1), which has been observed to reduce motility in
the antro-duodeno-jejunal area and suppress the migrating motility complex in both individuals without
any gastrointestinal disorders and those diagnosed with irritable bowel syndrome, and peptide YY (PYY),
which can induce a delay in intestinal transit [35-39]. Multiple RCTs performed in humans have shown that
ASs did not affect the secretion of GLP-1 or PYY [40,41], but interestingly, ASs did enhance GLP-1 release
when given with glucose [42].

Anatomy of the gastrointestinal tract: The effects of ASs on the gastrointestinal tract, specifically
gastrointestinal symptoms, gastrointestinal histology, anatomy of the gastrointestinal tract, and stool forms,
have rarely been studied, with no human studies to date.

ASs have been noted to increase the stool water content by its osmotic effect [30], hyperkeratosis, papilloma,
ulcers in the glandular stomach of rats [43], and DNA damage in the stomach and colon [44]. Histopathologic
findings of the colon include infiltration of lymphocytes into the epithelium, scarring of the epithelial
tissue, and a slight reduction in the number of goblet cells [33]. High doses of ASs (750-1,000 mg/kg/day) led
to symptoms of perianal soiling and cecal enlargement in rabbits [45].

Intestinal absorption and permeability: There is limited data on the effect of ASs on intestinal absorption
and permeability. Of the studies performed, they appear to inhibit the passive transport of sugar through the
basolateral membrane, but this was not observed in a follow-up study by the same group [46,47].

Neurological manifestations: Most of the reports on the impact of AS on neurological manifestations come
predominantly from studies of aspartame. For this section, aspartame will be used synonymously with AS.
Aspartame, specifically, has been extensively implicated in triggering headaches. Other neuropsychological
symptoms associated with aspartame include seizures, anxiety, depression, and insomnia.
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Headaches and migraines: Aspartame is 55% phenylalanine and 45% aspartate. In contrast to dietary
protein, aspartame consumption can increase brain levels of phenylalanine and aspartic acid. These
compounds can inhibit the synthesis and release of known neurophysiological activity regulators,
dopamine, norepinephrine, and serotonin. Aspartame functions as a chemical stressor by increasing plasma
cortisol levels and triggering the production of excessive free radicals. High levels of cortisol and excess free
radicals may increase the brain’s susceptibility to oxidative stress, which may have detrimental effects on
neurobehavioral health [48].

Phenylalanine, an amino acid, is believed to play a role in the pathophysiology of migraines due to its
participation in serotonin synthesis. Serotonin has the potential to exert an influence on the cerebrovascular
alterations that are linked to the experience of pain in migraine headaches. Serotonin synthesis is
contingent upon the presence of L-tryptophan, an essential amino acid, obtained from dietary proteins.
Phenylalanine and L-tryptophan engage in a competitive process to obtain access to the brain, with limited
availability. This competition is believed to be the primary factor contributing to a reduction in serotonin
levels within the brain. The observed decrease in serotonin levels is believed to induce vasodilation, which is
hypothesized to be the underlying mechanism responsible for the manifestation of migraine pain [49].

RCTs comparing aspartame to placebo in patients with headaches have reported an increase in headache
frequency with the continued use of aspartame [50,51]. In a survey-based study [10], 8.2% of the 171
consecutive patients reported aspartame as a precipitating headache.

Taste alteration: It is unknown whether exposure to non-nutritive sweeteners (NNS) alters human taste
perception, but there is some evidence to support this possibility. There is an inverse relationship between
NNS use and blood oxygen level-dependent responses in the amygdala and insula in response to sucrose
[52]. Thus, it is conceivable that the altered activity in these regions of heavy NNS consumers reflects a
reduction in afferent signaling and the perceived intensity of sweet stimuli [53].

Allergic reaction: Multiple sweetening agents have been associated with allergic reactions, including
aspartame, xylitol, and erythritol. Aspartame is metabolized to formaldehyde, a component responsible for
systemic reactions, including skin rashes and contact dermatitis [54-56]. Xylitol has been associated with
severe allergies, including oral ulcers and skin reactions [57]. Erythritol has also been associated with
urticarial reactions [12].

Cardiovascular and Stroke Risk

Cardiovascular diseases (CVDs) are the leading global cause of mortality [58]. The relationship between ASs
and cardiovascular risk is complex and not entirely clear-cut. Some studies have suggested potential
associations with adverse cardiovascular outcomes, while others have found no significant harm. The direct
assessment of AS intake’s impact on hard endpoints, such as CVD risk, through RCTs, has been precluded by
ethical considerations.

One such study, conducted within the NutriNet-Santé cohort [59], revealed associations between sugary
drinks and artificially sweetened beverages and an increased CVD risk. Within this cohort, an overall
elevated risk of CVD and cerebrovascular disease was linked to total AS intake. Specifically, aspartame
consumption was associated with an increased risk of cerebrovascular events, while acesulfame potassium
and sucralose were linked to a heightened risk of coronary heart disease. These findings collectively indicate
that substituting ASs for added sugar may not confer any cardiovascular benefits [59].

Systematic reviews and meta-analyses [60,61] have also pointed toward direct associations between
artificially sweetened beverages and CVD risk. Notably, the World Health Organization (WHO) 2022 report
on the health effects of ASs highlighted associations between the consumption of beverages containing ASs,
used as a proxy, and certain intermediate markers of CVD [62]. These markers encompass a modest increase
in the unfavorable total cholesterol to high-density lipoprotein cholesterol ratio and an elevated risk of
hypertension. Furthermore, the international health authority identified heightened CVD mortality and
increased incidence of cardiovascular events and strokes associated with greater consumption of soft drinks
containing ASs.

An additional noteworthy aspect pertains to the study conducted by Andersson et al., where they conducted
a cross-sectional investigation into the impact of sugar-sweetened beverages and diet soda on cardiac
remodeling among consumers [63]. Although the researchers duly acknowledged the influence of elevated
body weight as a confounding factor, their findings revealed a notable association between soda
consumption, particularly diet soda, and heightened left atrial dimensions and left ventricular mass in
contrast to individuals who refrained from soda consumption [63]. However, it is important to note that
prospective studies in this regard remain limited, and the level of evidence for these associations is still
categorized as low by the WHO.

Type 2 Diabetes Mellitus
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The incidence of diabetes mellitus has experienced a notable increase in recent years, primarily attributed to
our dietary choices and sedentary lifestyles [64]. In a recent extensive population-based cohort study
involving 105,588 French adults, the consumption of ASs was found to be associated with an elevated risk of
type 2 diabetes mellitus (T2DM). Specifically, positive correlations were identified for various sweeteners,
including total sweeteners, aspartame, acesulfame-K, and sucralose [2].

Several meta-analyses have explored the relationship between ASs and diabetes. The meta-analysis
conducted by Azad et al. [65] revealed a positive association between ASs and T2DM risk. Similarly, Qin et al.
[66] reported a direct link between ASs and T2DM. The most recent analysis, conducted by the WHO in 2022
[62], found a higher incidence of T2DM associated with ASs and tabletop sweetener consumption.
Collectively, these findings present a compelling case against the widespread consumption of ASs as a safe
alternative to sugar. Instead, they underscore the importance of targeting a reduction in the prevalence of
sugary tastes within Western diets. In light of these data, it is advisable not to recommend the extensive use
of ASs, emphasizing the need for a broader approach to reducing sugar intake in Western diets.

Cancer Risk

Multiple research studies have been conducted to assess the potential link between AS and cancer risk. One
of the first studies to raise concern about ASs was conducted in 1977, which demonstrated an association
between ASs and bladder cancer. Howe et al. showed that in a case-control study, there was a 1.6 risk ratio
for every user of ASs to develop bladder cancer compared to individuals who had never used these
sweeteners [67]. In further studies to assess the association between AS and bladder cancer, multiple studies
found the absence of a similar association [68-74]. In fact, in a systematic review and meta-analysis, no
correlation was found between ASs and any type of cancer (odds ratio (OR) = 0.91, 95% confidence interval
(CI) = 0.75-1.11). Interestingly, this study found an inverse correlation between urinary system cancer risk
and the use of ASs in women (OR = 0.76, 95% CI = 0.60-0.97) [16]. In another observational study, only
frequent consumption of artificially sweetened beverages in postmenopausal women (i.e., more than one
drink per day) may be associated with a higher risk of kidney cancer [74]. In addition, in a meta-analysis of
prospective studies with approximately 4 million participants, the intake of ASs was not associated with any
type of cancer incidence or mortality [75].

However, new findings in rodents demonstrate that aspartame may be a chemical carcinogen in rodents, and
prenatal exposure may elevate cancer risk in rodent offspring [76]. Nevertheless, these results have not been
shown in human studies. Hence, the FDA still affirms that all approved ASs are safe to consume without any
association with cancer risk. Importantly, more research studies continue to evaluate the potential effects of
ASs on different aspects of health (e.g., gut microbiota and insulin response), which may indirectly impact
cancer risk. Hence, more studies with adequate power are needed to understand the effect of using ASs on
the development of cancer and whether a dose effect may mediate this association.

Conclusions
The use of ASs has been constantly increasing in recent years. Despite the various uses of ASs, many reports
have indicated multiple side effects associated with their use. In our comprehensive review, we demonstrate
that ASs can impact various functions of the gastrointestinal, neurologic, and cardiovascular systems.
Although multiple studies associate ASs with increased cancer risk, the majority of recent research data,
including systematic reviews and meta-analyses, show no link between the use of ASs and cancer risk.
However, more long-term prospective studies are needed to better characterize the effect of ASs on human
health.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Wissam Ghusn, Marcel Yibirin, Roopa Naik

Acquisition, analysis, or interpretation of data:  Wissam Ghusn

Drafting of the manuscript:  Wissam Ghusn, Marcel Yibirin, Roopa Naik

Critical review of the manuscript for important intellectual content:  Wissam Ghusn, Marcel Yibirin,
Roopa Naik

Supervision:  Wissam Ghusn, Marcel Yibirin, Roopa Naik

Disclosures

2023 Ghusn et al. Cureus 15(12): e51299. DOI 10.7759/cureus.51299 5 of 8

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Qurrat-ul-Ain, Khan SA: Artificial sweeteners: safe or unsafe? . J Pak Med Assoc. 2015, 65:225-7.
2. Debras C, Chazelas E, Srour B, et al.: Artificial sweeteners and cancer risk: results from the NutriNet-Santé

population-based cohort study. PLoS Med. 2022, 19:e1003950. 10.1371/journal.pmed.1003950
3. FDA. How sweet it is: all about sweeteners . (2023). Accessed: November 11, 2023:

https://www.fda.gov/consumers/consumer-updates/how-sweet-it-all-about-sweeteners .
4. Nadolsky KZ: Counterpoint: artificial sweeteners for obesity-better than sugary alternatives; potentially a

solution. Endocr Pract. 2021, 27:1056-61. 10.1016/j.eprac.2021.06.013
5. Samreen H, Dhaneshwar S: Artificial sweeteners: perceptions and realities . Curr Diabetes Rev. 2023,

19:e290422204241. 10.2174/1573399818666220429083052
6. Eccles R: What is the role of over 100 excipients in over the counter (OTC) cough medicines? . Lung. 2020,

198:727-34. 10.1007/s00408-020-00390-x
7. Sylvetsky AC, Jin Y, Clark EJ, Welsh JA, Rother KI, Talegawkar SA: Consumption of low-calorie sweeteners

among children and adults in the United States. J Acad Nutr Diet. 2017, 117:441-8.e2.
10.1016/j.jand.2016.11.004

8. Sylvetsky AC, Rother KI: Trends in the consumption of low-calorie sweeteners . Physiol Behav. 2016,
164:446-50. 10.1016/j.physbeh.2016.03.030

9. Spencer M, Gupta A, Dam LV, Shannon C, Menees S, Chey WD: Artificial sweeteners: a systematic review
and primer for gastroenterologists. J Neurogastroenterol Motil. 2016, 22:168-80. 10.5056/jnm15206

10. Lipton RB, Newman LC, Cohen JS, Solomon S: Aspartame as a dietary trigger of headache . Headache. 1989,
29:90-2. 10.1111/j.1526-4610.1989.hed2902090.x

11. Wilk K, Korytek W, Pelczyńska M, Moszak M, Bogdański P: The effect of artificial sweeteners use on sweet
taste perception and weight loss efficacy: a review. Nutrients. 2022, 14:1261. 10.3390/nu14061261

12. Hino H, Kasai S, Hattori N, Kenjo K: A case of allergic urticaria caused by erythritol . J Dermatol. 2000,
27:163-5. 10.1111/j.1346-8138.2000.tb02143.x

13. Mathur K, Agrawal RK, Nagpure S, Deshpande D: Effect of artificial sweeteners on insulin resistance among
type-2 diabetes mellitus patients. J Family Med Prim Care. 2020, 9:69-71. 10.4103/jfmpc.jfmpc_329_19

14. Debras C, Chazelas E, Sellem L, et al.: Artificial sweeteners and risk of cardiovascular diseases in the
prospective NutriNet-Santé cohort. Eur J Public Health. 2022, 32:ckac129.013. 10.1093/eurpub/ckac129.013

15. Ruiz-Ojeda FJ, Plaza-Díaz J, Sáez-Lara MJ, Gil A: Effects of sweeteners on the gut microbiota: a review of
experimental studies and clinical trials. Adv Nutr. 2019, 10:S31-48. 10.1093/advances/nmy037

16. Liu L, Zhang P, Wang Y, Cui W, Li D: The relationship between the use of artificial sweeteners and cancer: a
meta-analysis of case-control studies. Food Sci Nutr. 2021, 9:4589-97. 10.1002/fsn3.2395

17. Weihrauch MR, Diehl V: Artificial sweeteners--do they bear a carcinogenic risk? . Ann Oncol. 2004, 15:1460-
5. 10.1093/annonc/mdh256

18. Cohen SM: Saccharin: past, present, and future. J Am Diet Assoc. 1986, 86:929-31. 10.1016/S0002-
8223(21)04048-7

19. Cook CE: Cyclamates: a review of the current position . Curr Med Res Opin. 1975, 3:218-24.
10.1185/03007997509113675

20. Cifuentes L, Ghusn W, Feris F, et al.: Phenotype tailored lifestyle intervention on weight loss and
cardiometabolic risk factors in adults with obesity: a single-centre, non-randomised, proof-of-concept
study. EClinicalMedicine. 2023, 58:101923. 10.1016/j.eclinm.2023.101923

21. Ghusn W, De la Rosa A, Sacoto D, et al.: Weight loss outcomes associated with semaglutide treatment for
patients with overweight or obesity. JAMA Netw Open. 2022, 5:e2231982.
10.1001/jamanetworkopen.2022.31982

22. Ghusn W, Ikemiya K, Al Annan K, et al.: Diabetes mellitus remission in patients with BMI > 50 kg/m(2) after
bariatric surgeries: a real-world multi-centered study. Obes Surg. 2023, 33:1838-45. 10.1007/s11695-023-
06622-2

23. Temizkan S, Deyneli O, Yasar M, et al.: Sucralose enhances GLP-1 release and lowers blood glucose in the
presence of carbohydrate in healthy subjects but not in patients with type 2 diabetes. Eur J Clin Nutr. 2015,
69:162-6. 10.1038/ejcn.2014.208

24. Alsunni AA: Effects of artificial sweetener consumption on glucose homeostasis and its association with
type 2 diabetes and obesity. Int J Gen Med. 2020, 13:775-85. 10.2147/IJGM.S274760

25. Hill EM, Flaitz CM, Frost GR: Sweetener content of common pediatric oral liquid medications . Am J Hosp
Pharm. 1988, 45:135-42.

26. Association between intake of non-sugar sweeteners and health outcomes: systematic review and meta-
analyses of randomised and non-randomised controlled trials and observational studies. BMJ. 2019,
364:l156. 10.1136/bmj.l156

27. Peters JC, Beck J, Cardel M, et al.: The effects of water and non-nutritive sweetened beverages on weight
loss and weight maintenance: a randomized clinical trial. Obesity (Silver Spring). 2016, 24:297-304.
10.1002/oby.21327

28. Suhl E, Anderson-Haynes SE, Mulla C, Patti ME: Medical nutrition therapy for post-bariatric hypoglycemia:
practical insights. Surg Obes Relat Dis. 2017, 13:888-96. 10.1016/j.soard.2017.01.025

29. Stone A, Ng J, Seip R, Strange S, Papasavas P, Tishler D: Assessment of non-nutritive sweetener use by
bariatric patients. Surg Obesity Relat Dis. 2017, 13:S203-4. 10.1016/j.soard.2017.09.454

30. Anderson RL, Kirkland JJ: The effect of sodium saccharin in the diet on caecal microflora . Food Cosmet

2023 Ghusn et al. Cureus 15(12): e51299. DOI 10.7759/cureus.51299 6 of 8

https://pubmed.ncbi.nlm.nih.gov/25842566/
https://dx.doi.org/10.1371/journal.pmed.1003950
https://dx.doi.org/10.1371/journal.pmed.1003950
https://www.fda.gov/consumers/consumer-updates/how-sweet-it-all-about-sweeteners
https://www.fda.gov/consumers/consumer-updates/how-sweet-it-all-about-sweeteners
https://dx.doi.org/10.1016/j.eprac.2021.06.013
https://dx.doi.org/10.1016/j.eprac.2021.06.013
https://dx.doi.org/10.2174/1573399818666220429083052
https://dx.doi.org/10.2174/1573399818666220429083052
https://dx.doi.org/10.1007/s00408-020-00390-x
https://dx.doi.org/10.1007/s00408-020-00390-x
https://dx.doi.org/10.1016/j.jand.2016.11.004
https://dx.doi.org/10.1016/j.jand.2016.11.004
https://dx.doi.org/10.1016/j.physbeh.2016.03.030
https://dx.doi.org/10.1016/j.physbeh.2016.03.030
https://dx.doi.org/10.5056/jnm15206
https://dx.doi.org/10.5056/jnm15206
https://dx.doi.org/10.1111/j.1526-4610.1989.hed2902090.x
https://dx.doi.org/10.1111/j.1526-4610.1989.hed2902090.x
https://dx.doi.org/10.3390/nu14061261
https://dx.doi.org/10.3390/nu14061261
https://dx.doi.org/10.1111/j.1346-8138.2000.tb02143.x
https://dx.doi.org/10.1111/j.1346-8138.2000.tb02143.x
https://dx.doi.org/10.4103/jfmpc.jfmpc_329_19
https://dx.doi.org/10.4103/jfmpc.jfmpc_329_19
https://dx.doi.org/10.1093/eurpub/ckac129.013
https://dx.doi.org/10.1093/eurpub/ckac129.013
https://dx.doi.org/10.1093/advances/nmy037
https://dx.doi.org/10.1093/advances/nmy037
https://dx.doi.org/10.1002/fsn3.2395
https://dx.doi.org/10.1002/fsn3.2395
https://dx.doi.org/10.1093/annonc/mdh256
https://dx.doi.org/10.1093/annonc/mdh256
https://dx.doi.org/10.1016/S0002-8223(21)04048-7
https://dx.doi.org/10.1016/S0002-8223(21)04048-7
https://dx.doi.org/10.1185/03007997509113675
https://dx.doi.org/10.1185/03007997509113675
https://dx.doi.org/10.1016/j.eclinm.2023.101923
https://dx.doi.org/10.1016/j.eclinm.2023.101923
https://dx.doi.org/10.1001/jamanetworkopen.2022.31982
https://dx.doi.org/10.1001/jamanetworkopen.2022.31982
https://dx.doi.org/10.1007/s11695-023-06622-2
https://dx.doi.org/10.1007/s11695-023-06622-2
https://dx.doi.org/10.1038/ejcn.2014.208
https://dx.doi.org/10.1038/ejcn.2014.208
https://dx.doi.org/10.2147/IJGM.S274760
https://dx.doi.org/10.2147/IJGM.S274760
https://pubmed.ncbi.nlm.nih.gov/3348227/
https://dx.doi.org/10.1136/bmj.l156
https://dx.doi.org/10.1136/bmj.l156
https://dx.doi.org/10.1002/oby.21327
https://dx.doi.org/10.1002/oby.21327
https://dx.doi.org/10.1016/j.soard.2017.01.025
https://dx.doi.org/10.1016/j.soard.2017.01.025
https://dx.doi.org/10.1016/j.soard.2017.09.454
https://dx.doi.org/10.1016/j.soard.2017.09.454
https://dx.doi.org/10.1016/0015-6264(80)90188-1


Toxicol. 1980, 18:353-5. 10.1016/0015-6264(80)90188-1
31. Anderson RL: Some changes in gastro-intestinal metabolism and in the urine and bladders of rats in

response to sodium saccharin ingestion. Food Chem Toxicol. 1985, 23:457-63. 10.1016/0278-
6915(85)90140-1

32. Lawrie CA, Renwick AG, Sims J: The urinary excretion of bacterial amino-acid metabolites by rats fed
saccharin in the diet. Food Chem Toxicol. 1985, 23:445-50. 10.1016/0278-6915(85)90138-3

33. Abou-Donia MB, El-Masry EM, Abdel-Rahman AA, McLendon RE, Schiffman SS: Splenda alters gut
microflora and increases intestinal p-glycoprotein and cytochrome p-450 in male rats. J Toxicol Environ
Health A. 2008, 71:1415-29. 10.1080/15287390802328630

34. Suez J, Korem T, Zeevi D, et al.: Artificial sweeteners induce glucose intolerance by altering the gut
microbiota. Nature. 2014, 514:181-6. 10.1038/nature13793

35. Hellström PM, Näslund E, Edholm T, et al.: GLP-1 suppresses gastrointestinal motility and inhibits the
migrating motor complex in healthy subjects and patients with irritable bowel syndrome.
Neurogastroenterol Motil. 2008, 20:649-59. 10.1111/j.1365-2982.2007.01079.x

36. Grider JR: Role of cholecystokinin in the regulation of gastrointestinal motility . J Nutr. 1994, 124:1334S-9S.
10.1093/jn/124.suppl_8.1334S

37. Ogawa E, Hosokawa M, Harada N, et al.: The effect of gastric inhibitory polypeptide on intestinal glucose
absorption and intestinal motility in mice. Biochem Biophys Res Commun. 2011, 404:115-20.
10.1016/j.bbrc.2010.11.077

38. Wiley JW, Lu YX, Chung OY: Mechanism of action of peptide YY to inhibit gastric motility .
Gastroenterology. 1991, 100:865-72. 10.1016/0016-5085(91)90257-l

39. Ghusn W, Hurtado MD, Acosta A: Weight-centric treatment of type 2 diabetes mellitus . Obes Pillars. 2022,
4:100045. 10.1016/j.obpill.2022.100045

40. Ford HE, Peters V, Martin NM, Sleeth ML, Ghatei MA, Frost GS, Bloom SR: Effects of oral ingestion of
sucralose on gut hormone response and appetite in healthy normal-weight subjects. Eur J Clin Nutr. 2011,
65:508-13. 10.1038/ejcn.2010.291

41. Steinert RE, Frey F, Töpfer A, Drewe J, Beglinger C: Effects of carbohydrate sugars and artificial sweeteners
on appetite and the secretion of gastrointestinal satiety peptides. Br J Nutr. 2011, 105:1320-8.
10.1017/S000711451000512X

42. Brown RJ, Walter M, Rother KI: Ingestion of diet soda before a glucose load augments glucagon-like
peptide-1 secretion. Diabetes Care. 2009, 32:2184-6. 10.2337/dc09-1185

43. Hibino T, Hirasawa Y, Arai M: Morphologic changes in the urinary bladder and stomach after long-term
administration of sodium saccharin in F344 rats. Cancer Lett. 1985, 29:255-63. 10.1016/0304-
3835(85)90135-1

44. Sasaki YF, Kawaguchi S, Kamaya A, et al.: The comet assay with 8 mouse organs: results with 39 currently
used food additives. Mutat Res. 2002, 519:103-19. 10.1016/s1383-5718(02)00128-6

45. Kille JW, Tesh JM, McAnulty PA, et al.: Sucralose: assessment of teratogenic potential in the rat and the
rabbit. Food Chem Toxicol. 2000, 38 Suppl 2:S43-52. 10.1016/s0278-6915(00)00027-2

46. Kimmich GA, Randles J, Anderson RL: Inhibition of the serosal sugar carrier in isolated intestinal epithelial
cells by saccharin. Food Chem Toxicol. 1988, 26:927-34. 10.1016/0278-6915(88)90091-9

47. Kimmich GA, Randles J, Anderson RL: Effect of saccharin on the ATP-induced increase in Na+ permeability
in isolated chicken intestinal epithelial cells. Food Chem Toxicol. 1989, 27:143-9. 10.1016/0278-
6915(89)90062-8

48. Choudhary AK, Lee YY: Neurophysiological symptoms and aspartame: what is the connection? . Nutr
Neurosci. 2018, 21:306-16. 10.1080/1028415X.2017.1288340

49. Koehler SM: The effect of aspartame consumption on migraine headache: preliminary results . Dietary
Phenylalanine and Brain Function. Wurtman RJ, Ritter-Walker E (ed): Birkhäuser Boston, Boston, MA; 1988.
313-6.

50. Koehler SM, Glaros A: The effect of aspartame on migraine headache . Headache. 1988, 28:10-4.
10.1111/j.1365-2524.1988.hed2801010.x

51. Van den Eeden SK, Koepsell TD, Longstreth WT Jr, van Belle G, Daling JR, McKnight B: Aspartame ingestion
and headaches: a randomized crossover trial. Neurology. 1994, 44:1787-93. 10.1212/wnl.44.10.1787

52. Rudenga KJ, Small DM: Amygdala response to sucrose consumption is inversely related to artificial
sweetener use. Appetite. 2012, 58:504-7. 10.1016/j.appet.2011.12.001

53. Burke MV, Small DM: Physiological mechanisms by which non-nutritive sweeteners may impact body weight
and metabolism. Physiol Behav. 2015, 152:381-8. 10.1016/j.physbeh.2015.05.036

54. Hill AM, Belsito DV: Systemic contact dermatitis of the eyelids caused by formaldehyde derived from
aspartame?. Contact Dermatitis. 2003, 49:258-9. 10.1111/j.0105-1873.2003.0225a.x

55. Castanedo-Tardan MP, González ME, Connelly EA, Giordano K, Jacob SE: Systematized contact dermatitis
and montelukast in an atopic boy. Pediatr Dermatol. 2009, 26:739-43. 10.1111/j.1525-1470.2008.00855.x

56. Bradstock MK, Serdula MK, Marks JS, Barnard RJ, Crane NT, Remington PL, Trowbridge FL: Evaluation of
reactions to food additives: the aspartame experience. Am J Clin Nutr. 1986, 43:464-9.
10.1093/ajcn/43.3.464

57. Hanakawa Y, Hanakawa Y, Tohyama M, Yamasaki K, Hashimoto K: Xylitol as a causative agent of oral
erosive eczema. Br J Dermatol. 2005, 152:821-2. 10.1111/j.1365-2133.2005.06526.x

58. Mc Namara K, Alzubaidi H, Jackson JK: Cardiovascular disease as a leading cause of death: how are
pharmacists getting involved?. Integr Pharm Res Pract. 2019, 8:1-11. 10.2147/IPRP.S133088

59. Chazelas E, Debras C, Srour B, et al.: Sugary drinks, artificially-sweetened beverages, and cardiovascular
disease in the NutriNet-Santé cohort. J Am Coll Cardiol. 2020, 76:2175-7. 10.1016/j.jacc.2020.08.075

60. Meng Y, Li S, Khan J, et al.: Sugar- and artificially sweetened beverages consumption linked to type 2
diabetes, cardiovascular diseases, and all-cause mortality: a systematic review and dose-response meta-
analysis of prospective cohort studies. Nutrients. 2021, 13:2636. 10.3390/nu13082636

61. Yin J, Zhu Y, Malik V, et al.: Intake of sugar-sweetened and low-calorie sweetened beverages and risk of
cardiovascular disease: a meta-analysis and systematic review. Adv Nutr. 2021, 12:89-101.

2023 Ghusn et al. Cureus 15(12): e51299. DOI 10.7759/cureus.51299 7 of 8

https://dx.doi.org/10.1016/0015-6264(80)90188-1
https://dx.doi.org/10.1016/0278-6915(85)90140-1
https://dx.doi.org/10.1016/0278-6915(85)90140-1
https://dx.doi.org/10.1016/0278-6915(85)90138-3
https://dx.doi.org/10.1016/0278-6915(85)90138-3
https://dx.doi.org/10.1080/15287390802328630
https://dx.doi.org/10.1080/15287390802328630
https://dx.doi.org/10.1038/nature13793
https://dx.doi.org/10.1038/nature13793
https://dx.doi.org/10.1111/j.1365-2982.2007.01079.x
https://dx.doi.org/10.1111/j.1365-2982.2007.01079.x
https://dx.doi.org/10.1093/jn/124.suppl_8.1334S
https://dx.doi.org/10.1093/jn/124.suppl_8.1334S
https://dx.doi.org/10.1016/j.bbrc.2010.11.077
https://dx.doi.org/10.1016/j.bbrc.2010.11.077
https://dx.doi.org/10.1016/0016-5085(91)90257-l
https://dx.doi.org/10.1016/0016-5085(91)90257-l
https://dx.doi.org/10.1016/j.obpill.2022.100045
https://dx.doi.org/10.1016/j.obpill.2022.100045
https://dx.doi.org/10.1038/ejcn.2010.291
https://dx.doi.org/10.1038/ejcn.2010.291
https://dx.doi.org/10.1017/S000711451000512X
https://dx.doi.org/10.1017/S000711451000512X
https://dx.doi.org/10.2337/dc09-1185
https://dx.doi.org/10.2337/dc09-1185
https://dx.doi.org/10.1016/0304-3835(85)90135-1
https://dx.doi.org/10.1016/0304-3835(85)90135-1
https://dx.doi.org/10.1016/s1383-5718(02)00128-6
https://dx.doi.org/10.1016/s1383-5718(02)00128-6
https://dx.doi.org/10.1016/s0278-6915(00)00027-2
https://dx.doi.org/10.1016/s0278-6915(00)00027-2
https://dx.doi.org/10.1016/0278-6915(88)90091-9
https://dx.doi.org/10.1016/0278-6915(88)90091-9
https://dx.doi.org/10.1016/0278-6915(89)90062-8
https://dx.doi.org/10.1016/0278-6915(89)90062-8
https://dx.doi.org/10.1080/1028415X.2017.1288340
https://dx.doi.org/10.1080/1028415X.2017.1288340
https://scholar.google.com/scholar?q=intitle:The effect of aspartame consumption on migraine headache%3A preliminary results
https://dx.doi.org/10.1111/j.1365-2524.1988.hed2801010.x
https://dx.doi.org/10.1111/j.1365-2524.1988.hed2801010.x
https://dx.doi.org/10.1212/wnl.44.10.1787
https://dx.doi.org/10.1212/wnl.44.10.1787
https://dx.doi.org/10.1016/j.appet.2011.12.001
https://dx.doi.org/10.1016/j.appet.2011.12.001
https://dx.doi.org/10.1016/j.physbeh.2015.05.036
https://dx.doi.org/10.1016/j.physbeh.2015.05.036
https://dx.doi.org/10.1111/j.0105-1873.2003.0225a.x
https://dx.doi.org/10.1111/j.0105-1873.2003.0225a.x
https://dx.doi.org/10.1111/j.1525-1470.2008.00855.x
https://dx.doi.org/10.1111/j.1525-1470.2008.00855.x
https://dx.doi.org/10.1093/ajcn/43.3.464
https://dx.doi.org/10.1093/ajcn/43.3.464
https://dx.doi.org/10.1111/j.1365-2133.2005.06526.x
https://dx.doi.org/10.1111/j.1365-2133.2005.06526.x
https://dx.doi.org/10.2147/IPRP.S133088
https://dx.doi.org/10.2147/IPRP.S133088
https://dx.doi.org/10.1016/j.jacc.2020.08.075
https://dx.doi.org/10.1016/j.jacc.2020.08.075
https://dx.doi.org/10.3390/nu13082636
https://dx.doi.org/10.3390/nu13082636
https://dx.doi.org/10.1093/advances/nmaa084


10.1093/advances/nmaa084
62. Rios-Leyvraz M, Montez J: Health Effects of the Use of Non-sugar Sweeteners: A Systematic Review and

Meta-Analysis. World Health Organization, Geneva; 2022.
63. Andersson C, Sullivan L, Benjamin EJ, Aragam J, Jacques P, Cheng S, Vasan RS: Association of soda

consumption with subclinical cardiac remodeling in the Framingham heart study. Metabolism. 2015,
64:208-12. 10.1016/j.metabol.2014.10.009

64. Kumar A, Gangwar R, Ahmad Zargar A, Kumar R, Sharma A: Prevalence of diabetes in India: a review of IDF
Diabetes Atlas 10th edition [in press]. Curr Diabetes Rev. 2023, 10.2174/1573399819666230413094200

65. Azad MB, Abou-Setta AM, Chauhan BF, et al.: Nonnutritive sweeteners and cardiometabolic health: a
systematic review and meta-analysis of randomized controlled trials and prospective cohort studies. CMAJ.
2017, 189:E929-39. 10.1503/cmaj.161390

66. Qin P, Li Q, Zhao Y, et al.: Sugar and artificially sweetened beverages and risk of obesity, type 2 diabetes
mellitus, hypertension, and all-cause mortality: a dose-response meta-analysis of prospective cohort
studies. Eur J Epidemiol. 2020, 35:655-71. 10.1007/s10654-020-00655-y

67. Howe GR, Burch JD, Miller AB, et al.: Artificial sweeteners and human bladder cancer. Lancet. 1977, 2:578-
81. 10.1016/s0140-6736(77)91428-3

68. Hoover RN, Strasser PH: Artificial sweeteners and human bladder cancer. Preliminary results . Lancet. 1980,
1:837-40. 10.1016/s0140-6736(80)91350-1

69. Møller-Jensen O, Knudsen JB, Sørensen BL, Clemmesen J: Artificial sweeteners and absence of bladder
cancer risk in Copenhagen. Int J Cancer. 1983, 32:577-82. 10.1002/ijc.2910320510

70. Morrison AS, Buring JE: Artificial sweeteners and cancer of the lower urinary tract . N Engl J Med. 1980,
302:537-41. 10.1056/NEJM198003063021001

71. Morgan RW, Wong O: A review of epidemiological studies on artificial sweeteners and bladder cancer . Food
Chem Toxicol. 1985, 23:529-33. 10.1016/0278-6915(85)90147-4

72. Morrison AS, Verhoek WG, Leck I, Aoki K, Ohno Y, Obata K: Artificial sweeteners and bladder cancer in
Manchester, U.K., and Nagoya, Japan. Br J Cancer. 1982, 45:332-6. 10.1038/bjc.1982.59

73. Kessler II, Clark JP: Saccharin, cyclamate, and human bladder cancer. No evidence of an association . JAMA.
1978, 240:349-55. 10.1001/jama.1978.03290040027017

74. Ringel NE, Hovey KM, Andrews CA, et al.: Association of artificially sweetened beverage consumption and
urinary tract cancers in the women's health initiative observational study. Eur Urol Open Sci. 2023, 47:80-6.
10.1016/j.euros.2022.11.016

75. Yan S, Yan F, Liu L, Li B, Liu S, Cui W: Can artificial sweeteners increase the risk of cancer incidence and
mortality: evidence from prospective studies. Nutrients. 2022, 14:3742. 10.3390/nu14183742

76. Landrigan PJ, Straif K: Aspartame and cancer - new evidence for causation . Environ Health. 2021, 20:42.
10.1186/s12940-021-00725-y

2023 Ghusn et al. Cureus 15(12): e51299. DOI 10.7759/cureus.51299 8 of 8

https://dx.doi.org/10.1093/advances/nmaa084
https://scholar.google.com/scholar?q=intitle:Health Effects of the Use of Non-sugar Sweeteners%3A A Systematic Review and Meta-Analysis
https://dx.doi.org/10.1016/j.metabol.2014.10.009
https://dx.doi.org/10.1016/j.metabol.2014.10.009
https://dx.doi.org/10.2174/1573399819666230413094200
https://dx.doi.org/10.2174/1573399819666230413094200
https://dx.doi.org/10.1503/cmaj.161390
https://dx.doi.org/10.1503/cmaj.161390
https://dx.doi.org/10.1007/s10654-020-00655-y
https://dx.doi.org/10.1007/s10654-020-00655-y
https://dx.doi.org/10.1016/s0140-6736(77)91428-3
https://dx.doi.org/10.1016/s0140-6736(77)91428-3
https://dx.doi.org/10.1016/s0140-6736(80)91350-1
https://dx.doi.org/10.1016/s0140-6736(80)91350-1
https://dx.doi.org/10.1002/ijc.2910320510
https://dx.doi.org/10.1002/ijc.2910320510
https://dx.doi.org/10.1056/NEJM198003063021001
https://dx.doi.org/10.1056/NEJM198003063021001
https://dx.doi.org/10.1016/0278-6915(85)90147-4
https://dx.doi.org/10.1016/0278-6915(85)90147-4
https://dx.doi.org/10.1038/bjc.1982.59
https://dx.doi.org/10.1038/bjc.1982.59
https://dx.doi.org/10.1001/jama.1978.03290040027017
https://dx.doi.org/10.1001/jama.1978.03290040027017
https://dx.doi.org/10.1016/j.euros.2022.11.016
https://dx.doi.org/10.1016/j.euros.2022.11.016
https://dx.doi.org/10.3390/nu14183742
https://dx.doi.org/10.3390/nu14183742
https://dx.doi.org/10.1186/s12940-021-00725-y
https://dx.doi.org/10.1186/s12940-021-00725-y

	The Impact of Artificial Sweeteners on Human Health and Cancer Association: A Comprehensive Clinical Review
	Abstract
	Introduction And Background
	Review
	Methodology
	Results
	TABLE 1: Food and Drug Administration (FDA)-approved artificial sweeteners, their sweetness compared to table sugar, common side effects, and associated cancer risk.


	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


