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ABSTRACT

Sugar substitutes have emerged as popular alternatives to traditional sugar due to their perceived health benefits,
including weight management and reduced risk of diabetes and dental cavities. However, the benefits of sugar
substitutes remain controversial, with conflicting evidence regarding their impact on weight regulation. Some
studies suggest that sugar substitutes may facilitate weight loss by reducing calorie intake, while others indicate
a potential for weight gain through metabolic and behavioral responses. Concerns have also been raised regard-
ing the risk of cancer associated with artificial sweeteners, contrasting with findings of potential anti-tumor
effects attributed to natural sweeteners. Market research indicates a consumer preference for natural sweeteners
over artificial alternatives, driven by perceptions of safety and healthiness. This review article explores the
scientific evidence surrounding sugar substitutes, examining their implications for weight management, dental
health, and cancer risk, while addressing consumer perceptions and preferences shaping the sweetener market
landscape.

Introduction

In recent years, advances in the medical industry and a growing emphasis on healthier lifestyle choices have
spurred significant interest in finding alternatives to traditional sugar consumption. Various types of low-calorie
sweeteners have become increasingly prevalent in modern diets to replace table sugar, i.e. sucrose. These
sweeteners offer sweetness without the calorie load of sugar, appealing to individuals seeking to manage weight
and reduce sugar intake. However, the use of said sweeteners has also sparked significant debate and scrutiny
due to concerns regarding their potential health effects. In this review, the terms non-nutritive sweeteners
(NNS), no-to low-calorie sweeteners (LCS), and sugar substitutes are used interchangeably. We delve into the
multifaceted landscape of various types of sweeteners, examining their association with obesity, cancer, and
dental health. By exploring these critical aspects, we aim to provide a comprehensive understanding of the
scientific evidence and consumer perceptions surrounding the use of artificial sweeteners in contemporary die-
tary practices.

Types of Sweeteners

Sweeteners are defined as substances used to sweeten food or drinks, especially one other than table sugar
(sucrose). Sweeteners can be categorized into three main types: artificial sweeteners, sugar alcohols and natural
sweeteners. Artificial sweeteners, such as saccharin, sucralose, and aspartame, are entirely synthesized in la-
boratories. Sugar alcohols, such as xylitol, sorbitol, erythritol, and mannitol, are naturally present in small
amounts, however most sugar alcohols found in packaged foods are manmade or manufactured. Lastly, natural
sweeteners including stevia, monk fruit extract, and d-allulose are sourced from plants and other natural food
sources. However, they undergo additional processing steps such as extraction and purification to isolate the
sweetening components.
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Saccharin, the oldest artificial sweetener, was initially synthesized in 1879 by a Russian chemist named
Constantine Fahlberg. This compound is about 400 times sweeter than sucrose (table sugar) and is not absorbed
or metabolized by the body. Over time, saccharin has been largely replaced by newer sweeteners due to its
characteristic metallic aftertaste. (Mahmood & Aljuboori, 2020)

Aspartame is a widely used artificial sweetener found in over 6000 products, including soft drinks,
dessert mixes, frozen desserts, yogurt, chewable multivitamins, and breakfast cereals. It is 200 to 300 times
sweeter than sugar and unlike saccharin, provides a clean, sugar-like taste without any undesirable metallic or
bitter aftertaste.(Choudhary & Pretorius, 2017)

Sugar alcohols, despite their misleading name, are neither sugars nor alcohols. They are low-digestible
carbohydrates obtained by substituting aan aldehyde group with a hydroxyl group. Sugar alcohols are often less
sweet than sugar and are used in combination with other sweeteners to achieve the desired level of sweetness
and flavor in products. They have a potent laxative effect and other gastrointestinal symptoms such as flatu-
lence, bloating and abdominal discomfort when consumed in excess.(Grembecka, 2015)

Stevia is a natural sweetener derived from the Stevia rebaudiana plant native to South America. It is
produced by extracting steviol glycosides from the leaves of this plant. Stevia is known to be 50-350 times
sweeter than sugar. Importantly, steviol glycosides are not digested in the upper gastrointestinal tract; they
undergo hydrolysis or degradation only upon contact with microbiota in the colon. This means they do not
contribute to calorie intake and are considered a low-calorie alternative to sugar. (Samuel et al., 2018)

D-allulose is a low-calorie rare sugar that naturally occurs in small amounts in figs, raisin and wheat.
It is approximately 70% as sweet as sugar but contains only one-tenth of the calories of sugar. Similar to sugar
alcohols, excess intake may entail gastrointestinal discomfort. (Zhang et al., 2023)

Association Between Obesity and Sugar Substitutes

Definition of Obesity and Its Causes

Obesity is defined as the accumulation of excess fat in the body that leads to dysfunction of adipose tissue and
abnormal fat mass physical forces.(Faruque et al., 2019) The increasing rates of obesity pose a significant public
health threat, as it is a well-established risk factor for a wide range of health conditions, including but not limited
to cardiometabolic disease, musculoskeletal diseases, obstructive sleep apnoea, and cancer.(Laviada-Molina et
al., 2020) While low-fat diets have been recommended for weight management, it was revealed that diets high
in added sugar was another significant factor contributing to obesity.(Laviada-Molina et al., 2020) It was found
that the US population was consuming more than 300% of the daily recommended amount of added sugar and
that the increase in total sugar consumption correlated to the increase in obesity.(Laviada-Molina et al., 2020)
Therefore, it has been suggested that reducing sugar consumption may be the solution to the annual increase of
obesity.

Replacing Sugar with Sugar Substitutes Promotes Weight Loss

The use of sugar substitutes has been suggested as a way to reduce sugar consumption and excess calo-
ries.(Sgrensen et al., 2014) In fact, multiple animal and human studies have demonstrated the weight loss effect
of replacing sugar to sugar substitutes. Sgrensen et al. investigated the effects of sucrose and artificially
sweetened beverages and foods on energy intake in overweight subjects for 10 weeks. The results demonstrated
a weight gain in the sucrose group while a decreased in the sweetener group.(Sgrensen et al., 2014) The sucrose
group had a higher energy intake yet feeling less full, suggesting the satiating effect of sweeteners.(Sgrensen et
al., 2014) Another research group compared the effects of regular coke, diet coke, milk and water on changes
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in total fat mass and ectopic fat deposition in the liver and muscle tissue.(Maersk et al., 2012) While the total
fat mass was not significantly different between each beverage group, the research team found significantly
higher liver fat, muscle fat, visceral fat, blood triglyceride, and total cholesterol in individuals given regular
coke compared to than in the other three groups. In fact, diet cola reduced blood pressure by 10-15% compared
with regular cola, indicating that replacing sucrose-sweetened beverages to noncaloric drinks may prevent car-
diovascular and metabolic diseases, independent to weight loss.(Maersk et al., 2012) In another cross-sectional
study conducted over a period of 11 years, the relationship between water and no-and low-calorie sweetened
beverage (LCSB) intake with nutrient intake was evaluated.(Leahy et al., 2017; Sgrensen et al., 2014) The
results of the study revealed that higher LCSB intake was associated with significantly lower consumption of
carbohydrates, total sugars, and added sugars than those associated with higher water intake.(Leahy et al., 2017)
These results suggests that sugar substitutes beverages may be better than water at weight management.

Replacing Sugar with Sugar Substitutes Does Not Prevent Obesity, but in Fact, Promotes
Weight Gain

Despite the number of studies suggesting sugar substitutes as the healthier alternative for sugar, there are also
studies demonstrating against it. For example, the San Antonio Heart Study examined over 3000 adults over a
seven to eight-year period and found out artificially sweetened beverages drinkers consistently had higher
BMlIs.(Yang, 2010) Moreover, in a cohort study of 1454 participants from 1884 to 2012, participants who
consumed artificial sweeteners had a significantly higher BMI and increased waist circumference compared to
non-users.(Chia et al., 2016; Pearlman et al., 2017) The risk of obesity is not restricted to adults but also to
infants of mothers who consumed artificially-sweetened beverages during pregnancy. The study assessed the
artificial sweetener and sugar-sweetened beverage consumption of 3033 pregnant women and found that the
babies of mothers who consumed artificially-sweetened beverages every day were twice as likely to be over-
weight than of non-users.(Azad et al., 2016) There are several hypotheses why sugar substitutes promote weight
gain, despite them being low to zero-calories. Since artificial sweeteners stimulate oral taste receptors but do
not contain caloric energy, they fail to fully activate the post-ingestion pathway. The partial engagement in the
food reward pathway triggers an increase in appetite, greater food craving and ultimately result in a rise in
caloric intake.(Pearlman et al., 2017) In fact, animal studies reveal that mice that were fed artificial sweetener
supplements, consumed more calories and gained more weight compared to control groups that were fed
sugar.(Pearlman et al., 2017) Another hypothesis is that individuals actively overcompensate. Tey et al. discov-
ered that once participants knew that they were having artificially sweetened beverages consciously chose to
eat more during subsequent meals, possibly due to the idea that they are saving calories in drinks.(Tey et al.,
2017) Lastly, growing evidence demonstrates the effect of artificial sweeteners on gut microbiota dysbiosis, by
altering the gut microbiota composition and function. Specifically, low microbiome diversity has been linked
to obesity and it was found that artificial sweeteners disturb the diversity.(Nettleton et al., 2016)

Collectively, despite extensive studies from the scientific community, there still lacks a unanimous
consensus that can accurately define the effects of sugar substitutes on obesity.

Association Between Cancer and Sugar Substitutes

Artificial Sweeteners May Cause Cancer
Sugar substitutes, particularly artificial sweeteners like aspartame, have been associated with an increased risk

of cancer based on various studies. In fact, the use of aspartame has been suspended in the US from 1970 to
1981 due to suspicions of causing cancer.(Czarnecka et al., 2021) Animal research has indicated that aspartame
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can lead to liver and lung cancer in male mice, as well as leukemia and lymphoma in both male and female
mice.(Soffritti et al., 2006; Soffritti et al., 2010; Soffritti et al., 2007) Additionally, a long-term study tracking
125,000 adults for up to 20 years found that men who consumed at least one diet soda daily had a slightly higher
risk of multiple myeloma and non-Hodgkin lymphoma compared to those who did not consume diet
soda.(Schernhammer et al., 2012) In another large cohort study involving over 100,000 French adults, research-
ers discovered an association between aspartame intake and an elevated risk of breast cancer and cancers related
to obesity.(Debras et al., 2022) Moreover, prenatal exposure to aspartame has been shown to heighten cancer
risk in rodent offspring.(Landrigan & Straif, 2021) Recent research has proposed a potential explanation for the
carcinogenic effects of artificial sweeteners. The study revealed that mice fed sucralose experienced a decrease
the function of T cells, immune cells that play a crucial role in eliminating cancerous cells.(Zani et al., 2023)

Natural Sweeteners Do Not Cause Cancer, And May in Fact Prevent Tumorigenesis

Regarding natural sweeteners such as stevia, they are generally considered safe for consumption by the FDA
(Food and Drug Administration). Numerous studies have evaluated the safety of stevia, and there is no strong
evidence linking their consumption to an increased risk of cancer. In fact, a recent study suggests the potential
anti-cancer effect of stevia.(latridis et al., 2022) Similarly xylitol, a type of sugar alcohol, was found to induce
the apoptosis of cancer cells.(Tomonobu et al., 2020) Another study demonstrated that mice with tongue cancer
that were given xylitol survived longer than those given glucose, thus suggesting xylitol as a promising candi-
date sweetener in food products for cancer survivors. (Sahasakul et al., 2022) However, it must be noted that
cancer research on natural sweeteners is not as extensively investigated as that on artificial sweeteners.

Oral Health and Sugar Substitutes

Sugar Substitutes Do Not Cause Tooth Decay

The development of dental cavities is primarily due to bacteria in the mouth that metabolize sugar, producing
acid that leads to enamel demineralization and decay. Unlike sugar, artificial sweeteners, sugar alcohols, and
natural sweeteners are not metabolized by oral bacteria, thus preventing the formation of acid and protecting
against dental caries.(Tuncer et al., 2014) Xylitol is particularly noted for its beneficial effects on dental health.
Chewing gums containing xylitol are advertised to prevent dental cavities (Figure 1). While research results are
mixed, it can be argued that the act of chewing accompanied by the gustatory reflex stimulate saliva production
which helps prevent dental caries.(Tuncer et al., 2014) In fact, studies showed that individuals who chewed
xylitol gum had higher pH levels compared to those who chewed a placebo gum.(Kumar et al., 2013) Mutans
streptococci (MS) is a predominant bacteria in the mouth. One study demonstrated a significant reduction in
MS levels in individuals who chewed xylitol gum compared to those who chewed a placebo.(Caglar et al.,
2007)
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Figure 1. Advertising image of a xylitol gum product
Xylitol Prevents Dental Plaque Formation and Gingivitis

The beneficial effects of xylitol extend beyond dental caries. A study reported a 20% reduction in dental plaque
accumulation for individuals who chewed xylitol gum for 2 weeks, and their relative abundance of pathogenic
bacteria decreased while the relative abundance of probiotic bacteria increased.(Wu et al., 2022) Gingivitis, an
inflammatory condition of the gums characterized by bleeding and swollen gums, has also shown improvement
with xylitol-use. One study reported less bleeding upon pressure in individuals who chewed xylitol gum com-
pared to those who had regular chewing gum.(Keukenmeester et al., 2014) Another study demonstrated signif-
icant reductions in gingival bleeding, biofilm formation, and pH increase in individuals using toothpaste con-
taining xylitol compared to a commercial toothpaste(Rodriguez-Agurto et al., 2023), suggesting that sugar al-
cohols have positive effects not only on dental health but also on gum health.

Perception of Sugar Substitutes

Consumers Prefer ‘Natural’ Sweeteners Over Artificial Ones

With the development of various alternative options to table sugar, consumers now have a wide variety of
sweeteners to choose from. A randomized study conducted in Canada investigated the perceived healthiness of
sweeteners among adults and found that the majority of respondents perceived aspartame as less healthy than
table sugar, while almost half perceived raw sugar as healthier than refined table sugar.(Goodman et al., 2021)
This suggests that consumers base their perception of sweetener healthiness more on their level of "naturalness”
rather than solely on energy content. In fact, many consumers have reported concerns about the safety of arti-
ficial sweeteners with 25% of the survey participants seeing them as harmful.(Parker et al., 2018) According to
Kerry’s Sensibly Sweet global research, stevia is currently the third most preferred sweetener in the world after
honey and sugar. In South Korea, stevia-infused tomatoes, marketed as "stevia tomato" or "stevito” (Figure 2),
have entered the market and gained significant popularity among consumers. Overall, consumers are actively
seeking healthier choices of sweeteners, and this trend extends beyond processed foods and beverages to include
agricultural products.
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Figure 2. Product image of stevia-infused cherry tomatoes, Stevito

Conclusion

In conclusion, the landscape of sugar substitutes is complex and multifaceted, presenting both promises and
challenges in the search for healthier dietary choices. While sugar substitutes offer potential benefits such as
weight management and dental health by reducing calorie intake and minimizing the risk of cavities, their over-
all impact remains subject to debate and ongoing research. The contradictory evidence surrounding the effects
of sugar substitutes on weight regulation, with studies suggesting both weight loss and weight gain, underscores
the need for further investigation into their mechanisms and long-term implications.

Moreover, concerns regarding the potential carcinogenicity of artificial sweeteners juxtaposed with
reported anti-tumor effects associated with natural sweeteners highlight the potential shift in the sweetener
industry towards a more natural source. Consumer preferences for natural sweeteners reflect evolving percep-
tions of safety and healthiness, driving market trends and influencing product development in the food industry.

Moving forward, addressing the gaps in knowledge and fostering transparent communication about
the risks and benefits of sugar substitutes are essential for informed decision-making by consumers, healthcare
professionals, and policymakers. Continued research efforts will contribute to a deeper understanding of the
impact of sugar substitutes on health and guide strategies for promoting balanced dietary choices.
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