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From infancy, we prefer sweet-tasting foods.  Scientists believe this preference may be an 

evolutionary survival mechanism, ensuring acceptance of breast milk with its slightly sweet taste 

from milk sugar.  Sweetness can also play important roles in helping us identify energy-rich foods 

and mask unpleasant tastes in medicines, healthcare products, and other types of foods.  Perhaps 

more importantly to many of us, sweet foods and beverages are enjoyable as a tasty treat and as 

part of social and familial traditions. 

 

Our preference for sweets must be indulged with care, however.  Rising obesity rates speak to the 

need for most individuals to avoid over consumption of calories.  Because of these health concerns, 

there is great interest among health professionals – and consumers – in safe, palatable food 

products that may play a role in weight and disease management. 

 

Low-calorie sweeteners—and the foods and beverages that contain them—can play this beneficial 

role in healthful eating. They provide the sweetness that we innately desire, while providing fewer 

calories than nutritive sweeteners. 

 

This self-study continuing professional education (CPE) module for dietetic professionals will help 

to explain the role low-calorie sweeteners can play in a healthful diet.  It will explore the types of 

low-calorie sweeteners, their regulation, and research on LCS consumption, safety, and benefits. 

 

NOTE: The full text of this module appears in the notes pages.  The slides are intended to 

support the full text.  Therefore, please refer to the text on the notes pages for the full 

content of this module. 
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Learning Objectives 

 

After completing this self-study CPE module, participants will be able to: 

1. Identify various low-calorie sweeteners, their properties, and government recommendations for 

acceptable daily intake. 

2. Describe the regulatory process for ensuring the safety of low-calorie sweeteners. 

3. Discuss research that supports the safety of low-calorie sweeteners. 

4. Describe the potential benefits of low-calorie sweeteners, and their role as part of a healthful 

eating plan. 

5. Identify tips for helping consumers to use LCS to achieve healthful eating goals.  
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This module will cover the following topics: 

 

I. Introduction to low-calorie sweeteners (LCS) 

II. Types, Characteristics, and Uses of LCS 

III. Regulation of LCS 

IV. Research and Safety of LCS 

V. Role of LCS in healthful eating 
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Low-calorie sweeteners (LCS) are ingredients added to foods or beverages to impart sweetness 

without adding a significant amount of calories.   

 

LCS are also sometimes referred to as: 

• non-nutritive sweeteners 

• artificial sweeteners 

• sugar substitutes 

• no-calorie sweeteners 

• sugar replacers / replacements 

• intense / high intensity sweeteners 
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LCS offer a taste similar to that of sucrose (table sugar), but are generally hundreds to thousands of 

times sweeter than sucrose; thus, LCS are also called ―intense‖ or ―high-intensity‖ sweeteners 

(AND, 2012). This means that relatively small amounts of LCS can be used to replace nutritive 

sweeteners (e.g., sucrose, fructose, or high-fructose corn syrup).  

 

LCS provide no (or negligible) energy value to foods and beverages, resulting in a substantial 

reduction in or elimination of caloric content of products such as beverages, yogurt, and pudding. 

The key distinction between LCS and nutritive sweeteners, therefore, is the calories. 
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According to a 2010 survey by the Calorie Control Council (CCC), 187 million Americans use low-

calorie or sugar-free foods and beverages—many of these are products sweetened with LCS.  This 

represents an increasing trend, up from 180 million Americans in 2004 (CCC, 2010). 
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Originally discovered in 1878, saccharin is considered the oldest of the low-calorie sweeteners 

approved for use.  Saccharin is 300 times sweeter than sugar; some sources report sweetening 

potency of up to 700 times that of sugar. It is not broken down by the body and is eliminated without 

providing any calories (AND, 2012; FDA, 2006; Kroger, 2006). 

 

Saccharin is stable when heated, and is suitable for use in cooking and baking (IFIC, 2006). 
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Saccharin is currently approved by the U.S. Food and Drug Administration (FDA).  Unlike the other 

approved low-calorie sweeteners, all of which are approved for general purpose use, saccharin use 

is permitted in specific amounts in specific food products, including beverages, processed foods, 

and as a tabletop sweetener. (Saccharin‘s extensive regulatory history will be discussed in further 

detail later in this module.) Additionally, the product label must declare saccharin in the ingredient 

list, and indicate the amount used in the product.  Saccharin is approved for use in over 100 

countries (AND, 2012; Kroger, 2006). 

 

Nearly eight million pounds of saccharin are used in food products each year (AND, 2012). Brand 

names for which saccharin is known include Sweet ‗N Low®, Sweet Twin®, and Sugar Twin® (AND, 

2012; FDA, 2006; Kroger, 2006). 
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Discovered in 1965, aspartame is 160-220 times sweeter than sugar (its potency varies depending 

upon the food application).  Aspartame is a molecule consisting of two amino acids – phenylalanine 

and aspartic acid – which are metabolized to provide four calories per gram.  Though aspartame 

has a caloric value similar to that of carbohydrate or protein, its intense sweetening capacity allows 

for only small amounts to be used; thus, the amount of energy actually provided is negligible (AND, 

2012; Kroger, 2006). 

 

Because aspartame may lose its sweetening power upon prolonged exposure to heat, it is not 

recommended for use in recipes requiring lengthy cooking or baking.  However, it may be added at 

the end of the cooking process in some recipes (Kroger, 2006). 
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Aspartame was approved by the FDA in 1981 for use as a tabletop sweetener and in some dry food 

products, followed by approval for use in beverages in 1983.  In 1996, aspartame was approved for 

use as a general purpose sweetener (AND 2012; FDA 2006; Kroger 2006). General purpose 

approval indicates that a low-calorie sweetener ―may be used in any product where a standard of 

identity does not preclude such use‖ (Nabors 2007). Prior to approval, aspartame underwent 

rigorous scientific review, and is considered by many to be one of the most widely tested 

ingredients in the food supply.  The FDA Commissioner commented, upon the approval of 

aspartame, ―Few compounds have withstood such detailed testing and repeated, close scrutiny, 

and the process through which aspartame has gone should provide the public with additional 

confidence of its safety‖ (CCC 2005). 

 

Though determined safe for the general population, individuals with phenylketonuria (PKU) must 

restrict their intake of phenylalanine from all sources, including aspartame.  Thus, the FDA requires 

products sweetened with aspartame to carry the following statement on the label: 

―PHENYLKETONURICS: CONTAINS PHENYLALANINE‖ (AND 2012; FDA 2006; Kroger 2006). 

 

Aspartame is found in more than 6,000 food products and pharmaceuticals. The majority is used in 

soft drinks, which account for more than 70 percent of aspartame consumption (AND 2012; CCC 

2005). Aspartame is recognized by the brand names NutraSweet® and Equal®.  Each tabletop 

packet of aspartame contains 35-40 mg aspartame, which is equivalent to the sweetness of two 

teaspoons of sugar (AND 2012; Kroger 2006). 

 

Aspartame will be discussed in more detail later in this module. 
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Acesulfame potassium (Ace-K), a combination of an organic acid and potassium, is 200 times 

sweeter than sugar.  Because Ace-K is excreted from the body unchanged, it does not provide any 

calories, nor does it contribute to potassium intake (AND, 2012; Kroger, 2006). 

 

Because of its ability to withstand high heat, Ace-K is appropriate for cooking and baking (AND, 

2012; Kroger, 2006). 
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Acesulfame potassium has been approved by the FDA for use in numerous dry food products and 
as a tabletop sweetener since 1988.  In 1998, the FDA extended their approval to beverage use, 
and in 2003 approved Ace-K as a general purpose sweetener. Ace-K is approved for use in nearly 
90 countries (AND, 2012; FDA, 2006; Kroger, 2006). 

 

Ace-K is used in thousands of food products worldwide, often blended with other low-calorie 
sweeteners, and is marketed under the brands Sunett® or Sweet One® (AND, 2012; Kroger, 2006). 

 

Throughout more than 15 years of extensive use, no human health problems associated with 
consumption of Ace-K have been reported in the scientific literature (Kroger, 2006). 
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Six hundred times sweeter than sugar, sucralose is derived from sugar through a patented, multi-

step process that selectively substitutes three chlorine atoms for three hydrogen-oxygen groups on 

the sugar molecule (AND, 2012; Kroger, 2006).  Though made from sugar, sucralose is not 

recognized by the body as a carbohydrate; it is poorly absorbed and is excreted unchanged.  Thus, 

sucralose provides no calories. 

 

Because sucralose is highly stable, it can be used in cooking and baking (AND, 2012; Kroger, 

2006). 
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Sucralose was originally approved for use in 15 broad food and beverage categories and as a 

tabletop sweetener in 1998.  In 1999, sucralose was approved by the FDA as a general purpose 

sweetener (AND, 2012; FDA, 2006; Kroger, 2006). 

 

Sucralose is most often recognized by its brand name, Splenda®, and is found in food products 

from candies and baked goods to meat and milk products, gelatins, and sodas (Kroger, 2006). 
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A derivative of two amino acids, aspartic acid and phenylalanine, neotame is approximately 7,000 

to 8,000 times sweeter than sugar – though some sources indicate a sweetening power of up to 

13,000 times that of sugar, depending upon how it is used. Neotame is partially absorbed, but 

rapidly metabolized and excreted, rendering it essentially calorie-free (AND, 2012; FDA, 2006; 

Kroger, 2006). 

 

Neotame is heat stable; thus, it can be used in cooking and baking (Kroger, 2006). 
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The most recently-approved low-calorie sweetener, neotame was approved by the FDA in 2002 as 

a general purpose sweetener (AND, 2012; FDA, 2006; Kroger, 2006). Extensive review of over 100 

scientific studies was completed prior to approval (FDA, 2006).  Neotame has also been approved 

for use in multiple countries in Europe, Asia, North and South America, and Australia (AND, 2012). 

 

Because of the extraordinary sweetening power of a small amount of neotame, the level of 

exposure to phenylalanine as it is released into the bloodstream is considered clinically 

insignificant. Therefore, products sweetened with neotame are not required to carry a statement on 

the label alerting persons with PKU to the presence of phenylalanine (AND, 2012; FDA, 2006; 

Kroger, 2006). 



Stevia sweeteners are a natural, zero-calorie source of sweetness. They are 

composed of highly purified steviol glycosides, which are extracted from the sweetest 

part of the stevia plant (a South American shrub).  

 

Stevia sweeteners (also known as steviol glycosides, stevioside, rebiana and 

rebaudioside A) are 250-300 times sweeter than sugar, and can be found in many 

foods and beverages in the U.S., including some juice and tea beverages, as well as 

some tabletop sweeteners.  

 

 



Until recently, stevia sweeteners were only available as dietary supplements in the 

U.S. and were not permitted in foods and beverages. However, in December 2008, the 

U.S. Food and Drug Administration (FDA) stated that it does not question the 

conclusion that highly purified stevia sweeteners are generally recognized as safe 

(GRAS) as general purpose sweeteners.  

 

The safety of stevia sweeteners for human consumption has been established through 

rigorous peer-reviewed research, including metabolic and pharmacokinetic studies, 

general and multi-generational safety studies, including carcinogenicity studies; intake 

studies; and human studies.  

 

Several studies conducted on stevia sweeteners since the 1980s have shown that they 

are not associated with cancer. Recent research confirmed the conclusions of earlier 

research that steviol glycosides do not pose a cancer risk. Additionally, in June 2008, 

Joint Expert Committee on Food Additives (JECFA) completed a multi-year review of 

all the available scientific data on high purity steviol glycosides, and concluded that 

they are safe for use as general purpose sweeteners.   

 

In addition, Williams and Burdock (Food and Chemical Toxicology, 2008) conducted a 

review of genotoxicity studies on stevia and steviol glycosides and concluded that 

these sweeteners do not pose a risk of genetic damage and are non-genotoxic, which 

is consistent with the GRAS status. 
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Several low-calorie sweeteners are currently awaiting approval by the FDA, including alitame and 

cyclamate. 

 

Alitame, a sweetener made from the amino acids alanine and aspartic acid, is 2,000 times sweeter than 

sugar.  Because the body metabolizes only the aspartic acid portion of this LCS, alitame yields 1.4 

kcal/gram.  However, since alitame is such an intense sweetener, it is used only in very small amounts; 

therefore, it contributes a negligible amount of calories.  Alitame is stable for cooking and baking (AND, 

2012; Kroger, 2006). 

 

A petition for approval of alitame was submitted to the FDA in 1986; currently, the petition is being held 

in abeyance (FDA, 2008), meaning that the FDA needs additional information to sufficiently evaluate the 

product. Alitame is accepted for use in Mexico, China, Columbia, Australia, and New Zealand (AND, 

2012; Kroger, 2006).  
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Compared to other LCS, cyclamate has relatively less sweetening power; it is only 30 times 

sweeter than sugar (Kroger, 2006).  Cyclamate was used in the U.S. in the 1950s and ‘60s—often 

as a blend with saccharin—but was banned in 1969 due to a study that suggested cyclamate 

caused bladder cancer in rats (AND, 2012; Kroger, 2006).  Later studies failed to demonstrate this 

relationship, and in 1985, the National Academy of Sciences concluded, ―‘the weight of 

the…evidence does not indicate that cyclamate by itself is carcinogenic‘‖ (AND, 2012).   

 

Currently, the petition for re-approval of cyclamate is being held in abeyance (FDA, 2008). 

Cyclamate has been approved by JECFA and the Scientific Committee on Food (SCF) of the 

European Commission, and is approved for use in more than 50 countries (AND, 2012; Kroger, 

2006). 
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Low-calorie sweeteners have a long history of safe use as blends, with no known adverse 

physiological effects, dating back to the 1960s (Kroger, 2006; IFIC, 2000). 

 

LCS blends are used for their ability to more closely mimic sugar‘s flavor profile. Blends may add 

versatility to products, improve sweetness, lengthen shelf-life, and/or reduce already safe levels of 

intake for each individual LCS (IFIC, 2000). 

 

Commonly used blends in the U.S. today include (Kroger, 2006): 

 Aspartame + saccharin (found in fountain soft drinks) 

 Aspartame + Ace-K (found in many foods and beverages).  
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Polyols, or sugar alcohols, are another type of sweetening agent used to replace sugar in low-calorie 

foods. Examples include sorbitol, mannitol, and xylitol. Technically, polyols are considered nutritive 

sweeteners since they do contribute calories. However, as they are incompletely digested and 

absorbed, they contribute fewer, and in some cases less than half as many, calories as sugar. Because 

polyols are incompletely absorbed, excessive consumption may lead to bloating, gas production, and 

diarrhea.  Some food products containing sorbitol or mannitol carry the following statement: ―Excessive 

consumption may have a laxative effect‖ (Kroger, 2006).  This statement is required by the FDA if a 

particular product‘s consumption is likely to result in intakes of 50 grams or more per day of sorbitol or 

20 grams or more per day of mannitol (AND, 2012; Kroger, 2006). According to the Academy of 

Nutrition and Dietetics, proper care should be taken to ensure that excessive consumption of products 

containing polyols is limited in young children due to their small body size relative to adults (AND, 

2012). 

 

Because polyols can replace both the volume and sweetness of sugar, foods containing polyols can be 

labeled ―sugar free‖ (AND, 2012; Kroger, 2006; Steagall and Nabors, 2007). 

 

Polyols are regulated by the FDA either as food additives (mannitol, xylitol) or as Generally Recognized 

as Safe (GRAS) (sorbitol) substances (Kroger, 2006). 

 

Potential advantages of polyols, compared to sugar, are similar to those of low-calorie sweeteners 

(AND, 2012; Kroger, 2006; Steagall and Nabors, 2007): 

 Polyols do not promote tooth decay. In fact, the FDA approved a health claim relating sugar 

alcohols to a reduction in tooth decay risk (FDA, 1997). 

 Poyols produce a lower glycemic response. 

 Most polyols are lower in calories.  
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Food additives are defined by the FDA as ―any substance the intended use of which results or may 

reasonably be expected to result, directly or indirectly, either in its becoming a component or 

otherwise affecting the characteristics of any food‖ (21 CFR 170; IFIC Foundation and FDA, 2004; 

Vaclavik, 1998). 

 

Use of food additives is defined and governed by the 1958 Food Additives Amendment to the 

Federal Food, Drug, and Cosmetic Act (FDCA) of 1938. The Food Additives Amendment requires 

FDA approval for use of a food additive prior to its inclusion in a food. The approval process 

addresses factors such as the types of foods in which the additive can be used, maximum levels of 

use, and how it should be identified on food labels (IFIC, 2006; Vaclavik, 1998).  Besides stevia 

sweeteners, all of the low-calorie sweeteners approved for use in the U.S. are regulated as food 

additives; the polyols mannitol and xylitol are also classified as food additives (AND, 2012; Nabors, 

2007). 

 

GRAS (―Generally Recognized as Safe‖) substances have been determined to be safe based either 

on history of use prior to 1958 or on scientific consensus based on significant, well-documented 

research.  They are exempt from the provisions of the Food Additives Amendment, and do not need 

prior approval for use in food products (AND, 2012; Kroger, 2006; Nabors 2007); however, a 

notification letter, which affirms the safety of the substance, must be submitted to FDA from the 

manufacturer.  The FDA then determines whether there is enough evidence present in the letter to 

support a GRAS designation, and issues a response letter to the manufacturer indicating whether 

or not they will support the manufacturer‘s GRAS determination (21 CFR 170; Nabors, 2007). 

Examples of GRAS substances include salt, sugar, and caffeine. Stevia sweeteners and the polyol 

sorbitol are also GRAS (IFIC, 2006; Nabors, 2007). 
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Prior to approval, low-calorie sweeteners undergo extensive safety testing and lengthy review [delete 

by the FDA].  LCS approved as food ingredients are tested in experimental models at consumption 

levels far above those actually used in food products. In the review process, the FDA considers, 

among others, acute and chronic (short- and long-term) toxicity, carcinogenicity, neurotoxicity, and 

reproductive toxicity studies, as well as metabolism and pharmacokinetic studies (AND, 2012; FDA, 

2007). (See FDA‘s Toxicological Principles for the Safety Assessment of Food Ingredients Redbook 

2000, which discusses recommendations and guidelines for designing, conducting, and reporting 

toxicity studies: http://www.cfsan.fda.gov/~redbook/red-toca.html.)  A petition for a new LCS approval 

(submitted to FDA by the manufacturer) must provide substantial, convincing evidence that the 

proposed LCS is safe for human consumption under the intended conditions of use. FDA must then 

determine, based on the best scientific evidence available, whether there is a ―reasonable certainty of 

no harm” to consumers when the LCS is used as intended (IFIC, 2006). 

 

At a minimum, FDA must have enough data to answer the following basic questions (AND, 2012; 21 

CFR 171): 

 How and where is the additive (low-calorie sweetener) made; who makes it? 

 What will it do as an ingredient in food (i.e., product specifications)? 

 How will it be consumed, and how much will be consumed? 

 Who (adults, children, pregnant women) will consume it, and how much will each group 

consume? 

 Has it been shown to be safe and without adverse effects? 

 

All FDA-approved low-calorie sweeteners must meet the same standard of safety, and must be safe 

for consumption by pregnant women and children (IFIC, 2000). 



 

Similarly, FDA stated that it had not questions regarding the conclusion of an 

expert panel that steviol glycosides are generally recognized as safe (GRAS) for 

use as general purpose sweeteners. The safety of stevia sweeteners for human 

consumption has been established through rigorous peer-reviewed research, 

including metabolism and pharmacokinetic studies, general and multi-

generational safety studies, intake studies and human studies. This research is 

consistent with JECFA’s review of steviol glycosides completed in 2008, which 

concluded that steviol glycosides are safe for human consumption. 
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The acceptable daily intake (ADI) must be considered prior to approval for any food 

ingredient, including low-calooire sweeteners.  The ADI represents the amount of a food 

ingredient (in this case, low-calorie sweetener) that can be safely consumed on a daily basis over a 

lifetime without risk.  The ADI is expressed in milligrams per kilogram of body weight per day 

(mg/kg body weight/day). In the United States, the ADI is set by the FDA. Internationally, ADIs 

are set by the Joint Expert Committee on Food Additives (JECFA) of the United Nations’ 

World Health Organization (WHO) and the Food and Agriculture Organization (FAO). 

 

It is important to recognize that the ADI is not a maximum level of intake, nor should it be 

considered the point at which safety ends and health concerns begin (Nabors 2007). Rather, the 

ADI is a conservative estimate, usually set at a level 100 times less than the maximum level at 

which no adverse effects are observed in animal studies  (the 100-fold factor is not a constant and 

may be varied according to the characteristics of an additive, the data available, and the intended 

use) (AND, 2012; IFIC, 1996). 

 

Therefore, even if an individual reached the ADI, research indicates that there would be no adverse 

effects.  



29 

[FDA-determined] Acceptable Daily Intakes (ADI) for the six LCS are as follows (AND, 2012; 

Kroger, 2006): 

 

 Acesulfame potassium (Ace-K):  15 mg/kg body weight/day 

 Aspartame:  50 mg/kg body weight/day 

 Neotame:  18 mg/kg body weight/day 

 Saccharin:  15 mg/kg body weight/day 

 Stevia Sweeteners: 4 mg/kg body weight/day 

 Sucralose:  5 mg/kg body weight/day 
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Part of the basis for consensus on safety is that in order to reach the ADI for any particular LCS, a 

person would have to consume amounts well above typical dietary intake, and do so over a lifetime. 

Consider the following example using aspartame (CCC, 2005): 

 

To reach the ADI of 50 mg/kg body weight/day of aspartame, a 150 pound (68 kg) adult would need 

to consume daily: 

 20 12-oz. cans of diet soda; or 

 42 4-oz. servings of sugar-free gelatin; or 

 97 packets of tabletop sweetener. 

In order for a 50 pound (23 kg) child to reach the ADI for aspartame (which is the same for adults 

and children), he or she would have to consume: 

 6 12-oz. cans of diet soda; or 

 14 4-oz. servings of sugar-free gelatin; or 

 32 packets of tabletop sweetener. 
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Research consistently shows that estimated daily intakes (EDI) of all low-calorie sweeteners are 

well below ADI levels, and have not substantially increased in the past ten years (AND, 2012; 

Kroger, 2006; Renwick, 2006).  Below are figures on the EDI versus ADI levels for  sweeteners 

discussed in this module (AND, 2012; IFIC, 2000): 

 

Ace-K: EDI = 20 percent of ADI for adults 

Aspartame: EDI = 6 percent of ADI at the 90th percentile of consumption in the general adult 

population 

Neotame: EDI = 0.2 percent of ADI 

Saccharin: EDI = 12 percent of ADI 

Sucralose: EDI = 32 percent of ADI for adults and children over age two. 

 

As stevia sweeteners have only recently been used as general purpose sweeteners, it is too 

early to determine their EDI. 
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There is widespread scientific consensus that low-calorie sweeteners are safe at current ADI levels 

for consumers, including children and pregnant women (AND, 2012; FDA, 2006; Kroger, 2006). 
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Official statements on the safety of LCS from health professional, health advocacy, and government 

research organizations include: 

 

 American Dental Association ―…strongly recommends that major efforts be made 

to…promote the use of sugar-free foods or chewing substances in place of sugar containing 

foods that involve a frequent intake or repeated oral use. In these circumstances, use of 

these sugar-free foods will contribute to improved oral health without any deleterious 

nutritional consequences.‖ (1999) (http://www.ada.org/1874.aspx)  

 

 American Diabetes Association  recommended that ―Sugar alcohols and nonnutritive 

sweeteners are safe when consumed within the daily intake levels established by the Food 

and Drug Administration (FDA).‖  (2008) 

(http://care.diabetesjournals.org/cgi/content/full/31/Supplement_1/S61)  

 

 Academy of Nutrition and Dietetics (see slide 34) 

(http://www.eatright.org/About/Content.aspx?id=8363&terms=nonnutritive)  

 

 National Institutes of Health/National Cancer Institute (NIH/NCI) stated in an online 

publication, ―… results from subsequent carcinogenicity studies (studies that examine 

whether a substance can cause cancer) on these sweeteners and other approved 

sweeteners have not provided clear evidence of an association between artificial sweeteners 

and cancer in people.‖ (2006) (http://www.cancer.gov/cancertopics/factsheet/Risk/artificial-

sweeteners)  

http://care.diabetesjournals.org/cgi/content/full/31/Supplement_1/S61
http://www.cancer.gov/cancertopics/factsheet/Risk/artificial-sweeteners
http://www.cancer.gov/cancertopics/factsheet/Risk/artificial-sweeteners
http://www.cancer.gov/cancertopics/factsheet/Risk/artificial-sweeteners
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The following regulatory authorities have published regulatory opinions on individual LCS that have been 

approved for use in foods and beverages. In addition, these organizations have published the following 

resources on LCS safety and regulation: 

 

 European Food Safety Authority (EFSA) 

http://www.efsa.europa.eu/en/topics/topic/additives.htm 

 Scientific Committee on Food (SCF) of the European Union 

 http://ec.europa.eu/food/fs/sc/scf/out155_en.pdf 

 http://ec.europa.eu/food/fs/sc/oldcomm7/out26_en.pdf  

 Health Canada (http://www.hc-sc.gc.ca/fn-an/securit/addit/sweeten-edulcor/index_e.html)  

 FAO/WHO Joint Expert Committee on Food JECFA)  

 U.S. Food and Drug Administration (FDA) 

• FDA, HHS. Artificial Sweeteners: No Calories…Sweet! FDA Consumer Magazine. 

July-August 2006. Internet (accessed 12/1/07) 

• FDA, HHS. FDA Statement on European Aspartame Study. April 20, 2007. 

Internet: 

http://www.fda.gov/Food/FoodIngredientsPackaging/FoodAdditives/ucm20

8580.htm (accessed 12/1/07). 

http://ec.europa.eu/food/fs/sc/scf/out155_en.pdf
http://ec.europa.eu/food/fs/sc/oldcomm7/out26_en.pdf
http://www.hc-sc.gc.ca/fn-an/securit/addit/sweeten-edulcor/index_e.html
http://www.hc-sc.gc.ca/fn-an/securit/addit/sweeten-edulcor/index_e.html
http://www.hc-sc.gc.ca/fn-an/securit/addit/sweeten-edulcor/index_e.html
http://www.hc-sc.gc.ca/fn-an/securit/addit/sweeten-edulcor/index_e.html
http://www.hc-sc.gc.ca/fn-an/securit/addit/sweeten-edulcor/index_e.html
http://www.hc-sc.gc.ca/fn-an/securit/addit/sweeten-edulcor/index_e.html
http://www.hc-sc.gc.ca/fn-an/securit/addit/sweeten-edulcor/index_e.html
http://www.fda.gov/Food/FoodIngredientsPackaging/FoodAdditives/ucm208580.htm
http://www.fda.gov/Food/FoodIngredientsPackaging/FoodAdditives/ucm208580.htm
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The Academy of Nutrition and Dietetics (AND) issued its Position Statement on the Use of Nutritive and 
Nonnutritive Sweeteners (NNS) in 2012. AND Position Statements consider all available evidence, 
including in vitro, animal, and human data, as well as regulatory safety assessments. The AND 
concludes that: 

• ―consumers can safely enjoy a range of nutritive and nonnutritive sweeteners when consumed in a 
diet that is guided by current federal nutrition recommendations, such as the Dietary Guidelines for 
Americans and the Dietary References Intakes, as well as individual health goals.‖  

In 2006 AND completed an evidence-based review on non-nutritive sweeteners through it‘s Evidence 
Analysis Library (EAL). Unlike the Position Statement, the EAL considers only human data, not animal or 
in vitro data. The EAL also does not consider conclusions drawn by regulatory bodies and scientific 
organizations such as the FDA, Scientific Committee on Food (SCF) of the European Commission, 
FAO/WHO Joint Expert Committee of Food Additives (JECFA), or National Cancer Institute (NCI) (see 
slide 32), as the EAL only includes data published in peer-reviewed publications. Once a conclusion is 
formulated, the strength of the evidence (type and amount of data) available to support the conclusion 
(not the extent to which the ingredient can perform a particular task) is graded on a scale of 1-5 (I-V), 
with ―I‖ being ―Good‖ and ―V‖ being ―Not assignable.‖ Explanations of each Grade are available at: 
http://adaevidencelibrary.com/topic.cfm?cat=2707&highlight=grade%20definitions&home=1 .  

NOTE: Conducting research on human subjects specifically to assess potential adverse events or to determine 
levels at which adverse events may occur is limited for obvious ethical reasons. This is the primary reason that 
animal studies are utilized in toxicology testing. That said, animal models must be utilized appropriately so that 
relevance to humans is thoughtfully considered (FDA, 2007). 

The EAL on NNS notes that the majority of studies analyzed found no adverse effects related to NNS 
consumption, and concluded that human data related to adverse events available to reach this 
conclusion is ―Limited‖ (Grade III) (AND, 2006). 

In summary, the EAL provides a detailed assessment of human data related to NNS, and the AND 
Position Statement describes their position based on a broader range of data and regulatory opinion. 
Similar conclusions regarding benefits were drawn in both documents (see slides 43 and 46). The 
different evidence led to slightly different safety conclusions, primarily due to lack of toxicology testing 
performed on human subjects. 

http://adaevidencelibrary.com/topic.cfm?cat=2707&highlight=grade%20definitions&home=1


Low-calorie sweeteners may help consumers meet federal dietary recommendations to reduce 

sugar intake. The Dietary Guidelines for Americans 2010 recommends choosing and preparing 

foods and beverages with little added sugars or caloric sweeteners, such as amounts suggested by 

the USDA Food Patterns and the DASH Eating Plan (See Appendices 7 and 10 for the USDA Food 

Patterns and  DASH Eating Plan, respectively):  

http://health.gov/dietaryguidelines/dga2010/DietaryGuidelines2010.pdf  

 

Additionally, the Dietary Guidelines state: ―Added sugars contribute an average of 16 percent of 

the total calories in American diets. . . Reducing the consumption of these sources of added sugars 

will lower the calorie content of the diet, without compromising its nutrient adequacy. Sweetened 

foods and beverages can be replaced with those that have no or are low in added sugars‖ (HHS 

and USDA, 2010). LCS may play a role in substituting for sugar- and nutritive-sweetened foods and 

beverages. (For more on LCS‗s role in weight management, see slides 43-45.)  
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Low-calorie sweeteners have been the subject of ongoing research and controversy—which 

continues to this day.  In order to properly address the debates surrounding saccharin and 

aspartame in particular, we will examine the history of both in more detail. 
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Saccharin has been used to sweeten foods and beverages since the early 1900‘s, and was used 

extensively during both World Wars to compensate for rationing of sugar (Henkel, 2006). The 

passage of the 1958 Food Additives Amendment to the FDCA classified saccharin as a GRAS 

substance on the basis of its extensive history of use in foods.  Between 1970 and 1981, saccharin 

was the only LCS available on the market in the U.S. (Kroger, 2006). 

 

Studies in the 1970‘s linked lifetime exposure to saccharin to development of bladder cancer in 

rats, raising concerns about saccharin‘s safety.  FDA removed saccharin from the GRAS list in 

1972 (Kroger, 2006), and proposed a ban on it in 1977 (AND, 2012; Henkel, 2006; Kroger, 2006). 

 

In response to public outcry—as saccharin was the only LCS on the market at the time—Congress 

imposed a moratorium on the ban in order to allow for further research, but required products 

containing saccharin to carry a warning label reading: ―Use of this product may be hazardous to 

your health.  This product contains saccharin which has been determined to cause cancer in 

laboratory animals‖ (AND, 2012; Henkel, 2006; NCI, 2006).  This congressional moratorium has 

been extended repeatedly, and saccharin has remained on the market. 
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Eventually, researchers examined the human relevance of early rat studies. They found that the 

mechanism by which saccharin causes bladder cancer in rats was found to be irrelevant to 

humans, based on physiological differences between the two species. Additionally, human studies 

have shown no consistent evidence that saccharin causes bladder cancer in humans (IFIC, 2000; 

Kroger, 2006; NCI, 2006). 

 

In 2000, the National Toxicology Program removed saccharin from the list of potential cancer-

causing agents. Congress followed with legislation to remove the warning label from products 

containing saccharin (AND, 2012; FDA, 2006; Kroger, 2006; NCI, 2006). 

 

Expert organizations, including the Academy of Nutrition and Dietetics (AND), American Cancer 

Society (ACS), and American Medical Association (AMA), agree that saccharin is safe and 

acceptable for use (Henkel, 2006). 
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Another LCS under persistent scrutiny is aspartame. Anecdotal reports associate aspartame use 

with seizures, hyperactivity, multiple sclerosis, and a variety of other ailments (Henkel, 2006; 

Kroger, 2006); however, no scientific ―credible evidence‖ exists to support these claims, according 

to Dr. David Hattan of the FDA (Henkel, 2006). 

 

An extensive review of the scientific evidence found no link between aspartame and cancer in 

laboratory animals prior to FDA approval in 1981. Subsequently, a 1996 report led to renewed 

concerns about the safety of aspartame.  The epidemiological analysis suggested that an increase 

in brain tumor incidence between 1972 and 1992 mirrored the timeline for introduction and use of 

aspartame (Henkel, 2006; NCI, 2006).  However, an analysis of the data by National Cancer 

Institute (NCI) showed that the overall increase in brain cancer incidence began in 1973—eight 

years before approval of aspartame—and continued through 1985 (NCI, 2006). A separate study 

examined diet intake data from over 550,000 men and women participating in the NIH-AARP 

(National Institutes of Health-American Association of Retired Persons) Diet and Health Study, and 

found no link between consumption of aspartame-containing beverages and hematopoietic cancers 

(e.g., lymphoma or leukemia) or brain cancers (Lim, et al, 2006). Both the National Toxicology 

Program and NCI determined that there was no clear link between aspartame use and brain cancer 

(FDA, 2006; NCI, 2006). 
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In 2005 and 2007, the European Ramazzini Foundation (ERF) of Oncology and Environmental 
Sciences in Bologna, Italy, published studies that reported long-term aspartame exposure caused 
hematopoetic cancers in rats (EFSA, 2006; Soffritti, et al, 2007).  These studies prompted reviews 
from multiple international authorities, including the European Food Safety Authority (EFSA) and 
FDA. After a careful review following the 2005 study, the EFSA Panel determined that ERF‘s study 
had significant flaws ―which bring into question the validity of the findings‖ (EFSA, 2006). 

 

In April 2007, FDA released its ―Statement on European Aspartame Study.‖  Though unable to 
complete a thorough review due to missing data that was not provided by ERF, FDA concluded that 
―significant shortcomings‖ existed in the 2005 ERF study design, conduct, and interpretation. 
Overall, the FDA concluded: ―Considering results from the large number of studies on aspartame's 
safety, including five previously conducted negative chronic carcinogenicity studies, a recently 
reported large epidemiology study with negative associations between the use of aspartame and 
the occurrence of tumors, and negative findings from a series of three transgenic mouse assays, 
FDA finds no reason to alter its previous conclusion that aspartame is safe as a general purpose 
sweetener in food‖ (FDA, 2007). A second study by ERF in 2007 linking aspartame to certain types 
of cancer in rats has been cited with similar methodological shortcomings. 

 

In September 2007, an international, independent panel of experts published a report in Critical 
Reviews in Toxicology affirming the safety of aspartame (Magnuson, et al, 2007).  Based on a 
review of over 500 scientific studies, articles, and reports published over the past 25 years, 
scientists examined mechanisms of absorption and metabolism, worldwide consumption levels, 
and toxicology data. The panel determined there to be ―no credible evidence that aspartame is 
carcinogenic.‖ Further, human studies demonstrated no support for reports that aspartame causes 
seizures, behavior problems, or other central nervous system conditions. The expert panel 
concluded: ―The weight of existing evidence is that aspartame is safe at current levels of 
consumption as a nonnutritive sweetener.‖ 
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Like many food products, use of LCS may include some special considerations for certain 

conditions or individuals. 

 

Phenylketonuria (PKU) 

As previously discussed, individuals with PKU cannot properly metabolize phenylalanine, a 

component of aspartame.  Therefore, persons with PKU are advised to avoid or restrict use of 

aspartame (IFIC, 2000). 

 

Pregnancy 

LCS may be safely used within the ADI during pregnancy (AND, 2012). It is prudent to mention that 

since most pregnant women have increased calorie needs, restricting calories is usually not 

recommended. However, for women with special needs related to calorie or carbohydrate control 

during pregnancy, the role of LCS, within the context of overall nutrient needs, should be discussed 

with the obstetrician and dietetic professional. 

 

Children 

LCS are safe for use by children within the ADI; currently, EDI in children is well below the ADI for 

all approved LCS (AND, 2012). It is important to keep in mind that children, particularly those under 

two years of age, need adequate calories for growth and development. The advice of a doctor or 

dietetic professional is recommended to ensure that dietary plans including LCS meet the desired 

calorie and nutrient goals for children (AND, 2012; IFIC, 2000). 

 

Because of their relatively small body size compared to adults, children may be particularly 

sensitive to intake of polyols (Kroger, 2006).  Proper care should be taken for children exhibiting 

signs of malabsorption in response to polyol intake; reducing intake of products containing polyols 

may be considered (AND, 2012).  
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Studies have shown a beneficial role for LCS in managing weight. The AND EAL on Non-Nutritive 
Sweeteners (NNS) and weight concluded that replacing nutritive sweeteners with NNS can lead to 
calorie reduction and assist in weight management if the substitution replaces higher calorie foods, 
and there is ―Fair‖ (Grade II) evidence to support this conclusion (AND, 2006). True substitution is 
important. Because foods with LCS still have calories, eating more of those foods can still tip the 
energy balance in favor of weight gain (AND, 2006;  IFIC, 2000). 

 

Other studies have confirmed the potential for calorie savings and resulting weight loss. A Harvard 
Medical School study showed that women who were encouraged, versus those who were 
discouraged, to consume aspartame-sweetened products maintained weight loss more 
successfully after three years (Kroger, 2006).  A recent analysis of aspartame‘s role in weight 
control demonstrated a weight loss of 0.2 kg/week when aspartame-sweetened products were 
substituted for those sweetened with sugar(de la Hunty, Gibson, and Ashwell, 2006). 

 

Additionally, research has shown that LCS-sweetened food or beverages do not increase appetite 
or hunger ratings in adults. The AND EAL on NNS and appetite determined that NNS do not affect 
appetite, hunger, or fullness in adults, based on the results of short-term studies; in fact, the EAL 
has assigned a Grade I (―Good‖) to the overall strength of this evidence (AND, 2006). Additionally, 
the EAL concluded there is ―Fair‖ (Grade II) evidence that NNS do not cause increased food intake 
(AND, 2006). 

 

Among the benefits of using LCS for weight control, enhanced palatability of low-calorie foods is 
key.  Since LCS provide sweetness without added calories, those desiring to lose weight can enjoy 
a wider variety of low-calorie foods.  LCS can save up to 16 calories per teaspoon (roughly the 
number of calories in sugar) of sweetening power (AND, 2012). 
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A recent example of the impact of LCS combined with exercise on weight loss was published in 

Pediatrics. A study of America on the Move overweight children examined two cohorts: 

• The America on the Move (AOM) intervention group (N=100) added 3000 steps daily 

(pedometer) and reduced caloric intake by ~100 kcal/day by replacing sugar with 

sucralose for 6 months. 

• The Self-Monitor (SM) control group (N=92) maintained normal AOM practices and 

sugar intake for 6 months. 

• The goal of the intervention was to maintain or reduce BMI. 

• The researchers found that a greater proportion of AOM versus SM children maintained 

or reduced their BMI-for-age, and fewer AOM versus SM children increased BMI-for-

age. 
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The use of LCS for weight control must be considered within the context of an overall balanced diet 

and physical activity plan.  Moderation in diet along with sensible eating habits and physical activity 

are integral in obtaining optimal weight management. Incorporating LCS for calorie control can help 

to decrease body weight and body mass index (BMI). 
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The primary goal in diabetes management is the maintenance of near-normal blood glucose levels 

through dietary modification, physical activity, and when needed, medication.  LCS can play a role 

in the management of diabetes as part of the dietary modification component. The AND EAL 

concluded that non-nutritive sweeteners do not affect glycemic response, assigning a Grade of III, 

indicating that there is ―limited‖ evidence available to support this conclusion (AND, 2006). Thus, 

they can be important alternatives to sugar-containing foods, providing an expanded set of food 

choices for a person with diabetes. It is important to remind individuals with diabetes that foods 

sweetened with LCS may contain carbohydrates from other food ingredients, which break down 

into sugar in the body. 

 

As discussed previously, LCS can help to control total caloric intake for those individuals who need 

to lose weight to help control their blood glucose levels—provided that individuals do not 

compensate for the calorie savings by eating other foods (AND, 2012).   

 

LCS are approved for use in diabetes management by the Academy of Nutrition and Dietetics and 

the American Diabetes Association (AND, 2012; American Diabetes Association, 2007). 
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Just as LCS are safe for both pregnant women and people with diabetes, LCS are also safe for 

pregnant women with pre-existing diabetes and pregnant women with gestational diabetes.  

Because LCS do not raise blood sugar levels, they allow for inclusion of some sweet-tasting foods 

and beverages into a woman‘s meal plan, and provide flexibility in making food choices. 

 

Again, since most pregnant women have increased calorie needs, restricting calories is usually not 

recommended. However, because women with gestational diabetes have special needs related to 

carbohydrate control, the role of LCS, within the context of overall nutrient needs, should be 

discussed with the obstetrician and dietetic professional (IFIC Foundation, 2005). 

  



As mentioned, LCS may replace nutritive sweeteners such as sugar in a variety of foods and 

beverages, and would be found in the Ingredient List. For many consumers, total calories and/or 

carbohydrates, rather than sugar, are the values to watch. Teaching clients and consumers to read 

the food label can help them to be carb- and calorie-savvy label readers. Knowing the true meaning 

of claims such as ―sugar-free,‖ ―reduced,‖ or ―less‖ sugar, or ―no added sugar,‖ and honing in on 

Calories and Total Carbohydrates in a product, are important skills for those trying to manage 

energy balance and/or blood glucose levels. 

 



LCS may also be used in cooking and baking and can be used to modify recipes to reduce overall 

caloric intake. Ace-K, saccharin, sucralose, and neotame are all suitable for cooking and baking as 

they are heat stable. Aspartame may be unstable for cooking at high heat, but can be added to 

products at the end of the cooking process.  

 

Sugar affects not only a food‘s sweetness, but its texture and the way it cooks; thus, substituting 
LCS for sugar or other nutritive sweeteners may affect a product‘s texture, taste, or cooking time. 
When making sweet sauces, fruit pie filling, cheesecake, glazes, or beverages, complete 
substitution is usually possible. When preparing recipes in which texture is critical (most baking), a 
high proportion of sugar is required, or browning is required, partial substitution is best. Consumers 
may experiment with a combination of nutritive sweeteners and LCS to both reduce calories and 
produce a desirable texture (American Diabetes Association, ―Using Sugar Substitutes in the 
Kitchen‖). 

 

Substitution ratios vary among LCS. Specifically, an equal portion of bulk aspartame or sucralose 

will substitute for the sweetness of sugar, while only eight teaspoons of saccharin would substitute 

for one cup of sugar. Ace-K is currently available only in packets, and 24 packets would substitute 

for one cup of sugar. 



For consumers who are less adventurous in the kitchen, many tested recipes using LCS can 

be found online, such as: 

• Calorie Control Council (http://www.caloriecontrol.org/recipes.html): 

• The Food Network (www.foodnetwork.com; search ―sugar substitute‖) 
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http://www.caloriecontrol.org/recipes.html
http://www.foodnetwork.com/
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In summary, when communicating LCS‘s role in healthful eating, it is important to remember the 

following points, which have been addressed in this CPE module: 

 

 LCS are safe based upon significant scientific consensus. 

 LCS can help with weight management. 

 Sugar-free does not mean calorie-free or fat-free! 

 Consumers have a choice. 

 - Dietetics professionals can help to promote an individualized approach to LCS 

consumption. 

 Follow science-based recommendations from credible sources (such as the FDA) when 

communicating the role of LCS. 

 Confirm the credibility of websites posting LCS information. 

  

The Academy of Nutrition and Dietetics takes the following position on communicating LCS‘s role in 

healthful eating: ―Dietetics professionals should provide consumers with science-based information 

about sweeteners and support research on the use of sweeteners to promote eating enjoyment, 

optimal nutrition, and health.‖ (AND, 2012). 
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To learn more about low-calorie sweeteners, visit the websites listed above. 
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Nabors (2007) provides a useful example that illustrates calculation of the ADI (remembering that 

the ADI is 1/100 of the maximum level at which no adverse effects are observed).  If, for example, a 

study dose of up to 1,000 mg/kg of a particular substance showed no adverse effect, one could 

calculate the ADI based on the 100-fold safety factor. 

 

ADI = 1,000 mg/kg ’ 100 (or 1,000 mg/kg x 1/100) = 10 mg/kg 

 

Thus, the ADI for that substance would be 10 mg/kg, or 1/100 of the maximum dose that showed 

no effect (1,000 mg/kg). 


