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Abstract 
 
Food manufacturers routinely use sugar alcohols as substitutes for sugar due 
to their low calorie content and other health benefits.  However, differences 
in absorption, metabolism, and excretion of various sugar alcohols can alter 
the net carbohydrate calculations of low-carbohydrate foods especially in the 
context of a ketogenic diet and Keto Certified products. This review presents 
evidence that sugar alcohols should be calculated based on their respective 
absorption, metabolism, and excretion rates, and discusses the safety and 
health benefits of sugar alcohols in the context of sugar replacements.  

KEYWORDS 

Sugar Alcohols, Polyols,  Erythritol, Xylitol, Mannitol, Sorbitol, Maltitol, 
glycerol, glycerin. 

1 Department of Standards, Paleo 
Foundation, Encinitas, CA

2 Department of Standards, Paleo 
Foundation, New York, NY


Correspondence 
Karen E. E. Pendergrass 
Department of Standards, Paleo 
Foundation, Encinitas, CA


Contact 
1Email: karen@paleofoundation.com 
1Twitter: @5WordsorlessKP 
2Email: zad@lesslikely.com  
2Twitter: @DailyZad 

Karen E. E. Pendergrass 1    |  Zad Rafi 2

1    |   BACKGROUND

F ood manufacturers routinely use sugar 
alcohols as substitutes for sugar due to their 
low calorie content and other health benefits. 

While there is no doubt that sugar alcohols can 
provide advantages over plain sugar [1], there are still 
many misconceptions that remain about these 
compounds, which at best, lead to harmless myths and 
at worst, are incredibly dangerous. 

Sugar alcohols, also known as ‘polyols’, are a 
subgroup of carbohydrates characterized by the 
presence of an -CH-OH (alcohol) group in the area 
where a C=O (carbonyl) group is typically found [1].  
Thus, from a biochemical perspective sugar alcohols 
are not actually sugars despite the misleading name. 

The distinction between the two is made clearer by 
the legal definition of sugars, which are defined as

Sugar Alcohol Calculations for the Keto Certified Program.

being monosaccharides or disaccharides [2], however, 
polyols encompass a wider range of carbohydrates 
and can be mono-, di-, oligo-, and polysaccharides. 
Most sugar alcohols can be recognized by the 
presence of the “-itol” at the end of the name and 
some of the most commonly used polyols in food 
products are erythritol, xylitol, sorbitol, maltitol, 
mannitol, and glycerol.  

Although sugar alcohols can be found naturally in 
some plants and plant foods such as birch trees and 
berries, the vast majority are now produced via 
hydrogenation (the addition of hydrogen in a chemical 
reaction) of sugars with certain catalysts to speed up 
the reaction or they are produced via fermentation of 
sugars [1,3]. 
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ABSORPTION, METABOLISM, AND 
FERMENTATION 

Polyols are often used as sugar substitutes in food 
products because they are difficult to digest and often 
slow to metabolize. This property is a result of the 
presence of the alcohol group in the area that is 
typically occupied by a carbonyl group in sugars [1]. It 
also prevents polyols from being hydrolyzed by salivary 
amylases and fermented by bacteria found in plaque, 
both of which contribute to the production of acid and 
caries.  

Smaller polyols such as monosaccharides are absorbed 
in the small intestine via passive diffusion along a 
concentration gradient (moving from high areas of 
concentration to low areas), whereas larger polyols (di- 
and polysaccharides) are too large to be absorbed in 
the gastrointestinal tract and are therefore poorly 
absorbed (less than 2% of oral intake is absorbed) [1].  

If unabsorbed in the intestines, the polyols may be 
fermented by bacteria or excreted as is. The absorption 
and fermentation rates differ from polyol to polyol due 
to the differing chemical structures (saccharide type and 
molecular weight) therefore, they will result in different 
glycemic responses and gastrointestinal side effects [1]. 
Thus, the amount of digestible carbohydrates that can 
also be metabolized in a food product is of interest to 
both food manufacturers and consumers. 

NET CARBOHYDRATES 

Currently, the USDA requires that food manufacturers 
label the total amount of carbohydrates in their 
products, including the total amount of sugar alcohols. 
However, some manufacturers believe that total 
carbohydrate content on a food label can be misleading 
since not all carbohydrates in the food product are 
equally bioavailable. 

This has led to some manufacturers devising a 
calculation known as “net carbohydrates,” which are 
meant to take into account how many digestible/
absorbable carbohydrates are in the product, 
informing consumers how many carbohydrates they 
are metabolizing [4].  
 
Many manufacturers, aware that sugar alcohols tend 
to be poorly absorbed or metabolized, subtract the 
amount of sugar alcohols in the product from the total 
carbohydrate content, yielding the total “net 
carbohydrates.” Although this calculation is a large 
improvement over treating all carbohydrates as being 
equal, it too has been mindlessly calculated, and has 
been incredibly misleading.  
 
For example, many food manufacturers will treat all 
sugar alcohols as being equal in their bioavailability, 
and thus, will either fully subtract them from the total 
carbohydrate content, or subtract 50% of their weight 
from the total carbohydrate content. However, this is 
contradicted by the food science literature, which has 
shown for decades that these compounds exert 
different effects within the body [1].   

For example, erythritol is fully absorbed within the 
small intestine, so it does not reach the colon and 
cause any gastrointestinal side effects, and it is also 
unable to be metabolized by the liver, meaning that it 
is excreted as is and has little effect on the body.  

To treat it as being equal to other sugar alcohols such 
as xylitol or maltitol is problematic given that the 
latter polyols are able to be metabolized by the body, 
leading to rises in blood sugar, and are also fermented 
by gut bacteria, leading to potential gut discomfort 
for some. Therefore, it is unreasonable to assume that 
both erythritol and xylitol can fully be subtracted from 
the total carbohydrate content to yield equal net 
carbohydrates. 
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Proper deduction of sugar alcohol content from total 
carbohydrates requires examining the properties and 
effects of individual sugar alcohols on a case-by-case 
basis by looking to the food science literature. In this 
report, we examine the properties of common sugar 
alcohols, their absorption rates, fermentation rates, and 
provide some guidelines on how they should be treated 
when calculating net carbohydrates with some practical 
examples. 

MANNITOL 

Mannitol has similar properties to erythritol in that any 
of it that is absorbed in the small intestine is 
eliminated from the body as is before it can be 
metabolized [1]. It differs slightly from erythritol, 
however, in that it can be fermented by the bacteria in 
the large intest ine and is known to cause 
gastrointestinal side effects at dosages above 20 
grams.  
 
The total grams of mannitol can be fully subtracted 
from the total carbohydrate, just like erythritol.  

SORBITOL 

Only 25% of sorbitol is absorbed in the small intestine, 
while the rest is fermented by bacteria. The sorbitol 
that is absorbed in the small intestine can impact 
blood sugar levels because it is fully metabolized, 
although very slowly [1].  
 
A good reasonable estimate would be to deduct 75% 
of the total grams of sorbitol from the total 
carbohydrates found in the food. For example, if there 
are a total of 20 grams of carbohydrates within the 
product, and 10 grams are from sorbitol, then we 
would deduct 7.5 grams from the total carbohydrate 
content, yielding about 12.5 or 13 grams of net 
carbohydrates.   

XYLITOL 

About 50% of the ingested xylitol in grams is 
absorbed in the small intestine while the rest is 
fermented by bacteria. It is also fully metabolized by 
the liver, but the end products (glucose or glycogen) 
are slowly released into the bloodstream [1]. 

3

3  |  CALCULATING DIGESTIBLE CARBOHYDRATES

ERYTHRITOL 

There are 0.2 kilocalories found in one gram of 
erythritol, making it 95% less energy dense than table 
sugar. Most of erythritol (90% of it that is ingested in 
grams) is absorbed in the small intestine, however, 
almost none of it is metabolized in the liver and it is 
excreted in the urine as is [1]. This resistance to 
digestion and metabolization is due to the presence of 
an alcohol group in the region typically occupied by a 
carbonyl group in sugars. Therefore, erythritol has little 
impact on blood sugar levels compared to other sugar 
alcohols [5].   

Further, less than 10% of it makes it to the large 
intestine thus, it is also the sugar alcohol that is the 
least likely to cause gastrointestinal side effects [6]. A 
table with these absorption, fermentation, and 
excretion rates can be found below. [ TABLE 1] 
 
The total grams of erythritol can be fully subtracted 
from the total carbohydrate, since it is not metabolized, 
but this is one of the few exceptions. 
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A good reasonable estimate would be to deduct 65% 
of the total grams of xylitol from the total 
carbohydrates found in the food. For example, if there 
are a total of 20 grams of carbohydrates within the 
product, and 10 grams are from xylitol, then we would 
deduct 6.5 grams from the total carbohydrate content, 
yielding about 13.5 or 14 grams of net carbohydrates.   

MALTITOL 

When ingested, 40% of the maltitol gets absorbed in 
the small intestine and fully metabolized, while the rest 
is fermented (60%) is fermented by bacteria. However, 
unlike the other sugar alcohols (xylitol, sorbitol), maltitol 
is released into the bloodstream at a quicker rate than 
the others [1].  
 
Therefore, a reasonable estimate would be to deduct 
50% of the total grams of maltitol from the total 
carbohydrates that are found in food. With a total of 20 
grams of carbohydrates within the product, and 10 
grams coming from maltitol, we would subtract 5 grams 
from the total carbohydrate content, yielding 15 grams 
of net carbohydrates.   

ISOMALT 

Isomalt is very poorly absorbed in the small intestine 
(only 10 – 14 % is absorbed), while the rest is fermented 
by bacteria. However, this small absorbed amount can 
still impact blood sugar levels because it is metabolized 
fully and relatively quickly [1].  
 
Therefore, a reasonable estimate would be to deduct 
70% of the total grams of isomalt from the total 
carbohydrates that are found in food. If isomalt 
contributed 10 grams to the total carbohydrate content

4

of a food product, then 7 grams of it would be 
subtracted to yield a total of 13 grams of net 
carbohydrates. 

GLYCEROL 

Glycerol or glycerin is fully metabolized by the liver and 
also fermentable by bacteria. It is rapidly absorbed, 
metabolized, and excreted by the body, therefore it can 
quickly impact blood serum levels of glucose and 
glycerol. However, unlike the other sugar alcohols, 
there are less available data that have explicitly looked 
at absorption, fermentation, and excretion rates [7].  
 
A conservative estimate (based on the available data) 
would be to deduct 50% of the total grams of glycerol 
from the total carbohydrates that are found in food. So, 
if a product contained 20 grams of carbohydrates, and 
half came from glycerol, then like xylitol, 5 grams would 
be deducted from the total yielding a total of 15 grams 
of net carbohydrates. 

While net carbohydrates are certainly an improvement 
over treating all carbohydrates as the same by using a 
sum score, many food manufacturers have also resorted 
to mindless calculations and deductions, often treating 
several food ingredients within a group as the exact 
same, defying much of the food science literature, 
which has consistently shown that different food 
products/ingredients contain unique matrices that affect 
the body differently. This can easily be seen by looking 
at the different  biochemical structures of sugar alcohols 
which affect their absorption, fermentation, and 
excretion rates. Thus, it is critical to examine food 
ingredients and products on a case by case basis and 
determine what place they have within the diet.  

© 2020 The Paleo Foundation
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TABLE 1: absorption, fermentation, and excretion rates of various sugar alcohols. Livesey (2003).

4  |  HEALTH OUTCOMES

As stated above, sugar alcohols provide several 
advantages as sugar substitutes due to the wide 
range of beneficial health effects they are associated 
with. Here, we examine some of these health 
effects, mostly within the context of randomized 
clinical trials, which are one of the most efficient 
ways to determine cause and effect relationships, 
assuming that the trials are free of any serious 
systematic errors in design or analysis. 

ORAL HEALTH 

The primary mechanism by which sugar alcohols 
minimize caries development is the lack of 
acidogenic potential. Thus, it is the absence of acid 
that results in caries prevention, which has been 
described by some researchers as a passive process 
rather than an active one [8]. Clinical trials have 
shown that xylitol, sorbitol, maltitol, erythritol, 
lactitol, and isomalt are noncariogenic [8–12]. 

However, sugar alcohols like xylitol have been found 
to be antibacterial against certain strains of bacteria 
such as S. mutans [11,13,14]. The reduction of such 
bacteria has been reported as contributing to a 
changed plaque ecosystem in which plaque quantity 
and adhesivity is reduced, which is significant given 
that plaque is a combination of bacteria and 
polysaccharides that contribute to the production of 
acid. Polyols have also been reported to reverse the 
formation of dental caries by accelerating 
remineralization and slowing demineralization of the 
tooth enamel by stimulating the flow of saliva 
[10,15,16].    

In one systematic review and meta-analysis of five 
randomized controlled trials [17], xylitol admin-
istration in children was found to have a small 
reduction on dental caries, with higher doses of 
xylitol showing a larger effect. However, the quality 
of the evidence was low due to a small number of 
studies, the amount of between-study hetero-
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geneity, and deficiencies in the designs of the primary 
studies.  Furthermore, there was no quantification of 
the average effect across these studies. 

In a systematic review and meta-analysis conducted by 
Cochrane [18], ten randomized controlled trials with a 
total of 5903 participants were analyzed and the results 
showed that fluoride toothpaste that contained 10% 
xylitol reduced dental caries by 13% in children and 
adults when compared to fluoride only toothpaste. In 
one of the studies included in the review, ingestion of 
high-dose xylitol syrup (8 grams) for a year showed a 
58% reduction in dental caries in infants when 
compared to low-dose xylitol syrup. However, the 
analysis found that the overall quality of evidence was 
still very low and that more studies needed to be 
conducted.   

A systematic review that compared non-fluoride 
interventions in reducing dental caries found that daily 
use of xylitol wipes in children may be an effective way 
of controlling dental caries, however, due to the limited 
data, the authors of the review were cautious with their 
recommendations [19]. 

RESPIRATORY HEALTH 

It is estimated that there are nearly 17-18 billion cases 
of upper respiratory tract infections (URTIs) every 
year[20]. In more severe cases, they may lead to deaths; 
in 2014 there were approximately 3,000 mortalities 
caused by URTIs [21]. Such infections are typically 
caused by pathogenic microbes that colonize the upper 
airways [22]. Although the respiratory tract is occupied 
by commensal microbes that help prevent exogenous 
microbes from colonizing, many pathogenic organisms 
may still invade and colonize these sites during 
infections. Thus, new interventions that can help 
prevent and treat these infections are always sought 
out by researchers.  

6

Xylitol interventions have shown much promise in 
reducing the bacterial counts of pathogens that 
typically cause these infections. In-vitro studies have 
shown that 5% xylitol solutions selectively reduce 
certain alpha hemolytic bacteria such as S. pneumoniae 
and that this effect is dose dependent [23]. In one 
randomized crossover trial [24], 21 healthy volunteers 
were given 250 microliters of 5% xylitol and instructed 
to spray each nostril for four days. The main outcome 
that was assessed was nasal coagulase-negative 
Staphylococcus counts, which were reduced from 597 
CFU/nasal swab during the control treatment with 
saline to 99 CFU/nasal swab during the xylitol 
treatment.   

In another randomized controlled trial [25], 28 
participants were randomized to either a xylitol nasal 
spray intervention or a control saline spray. The 
participants were instructed to use the sprays twice a 
day for 5 days. Although objective measures of 
rhinometry were not different between the groups, 
quality of life, as measured by the Rhinoconjunctivitis 
Quality of Life Questionnaire, indicated improvement 
for the xylitol spray group but not the control saline 
group.  

The result from this study should be seen as being 
exploratory rather than confirmatory because the 
authors utilized statistical tests to see whether there 
was any improvement in the final scores for each group 
from baseline; however, this method of analysis is 
incorrect in randomized controlled trials because the 
main comparison should be a statistical test between 
groups that takes baseline scores into account as a 
covariate. Looking to see whether each group has any 
statistically significant improvements from baseline is 
especially problematic if there are imbalances between 
groups post randomization, which could lead to 
regression to the mean and spurious effects [26,27].
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Both animal models [28,29] and clinical trials have also 
suggested that xylitol may be useful for the treatment 
of sinusitis. In a clinical trial with 30 patients who 
suffered from chronic rhinosinusitis [30], nasal irrigation 
with a 5% xylitol solution for 30 days led to a reduction 
in Sino-Nasal Outcome Test 20 (SNOT-20) score when 
compared to the control group that used saline 
solution.  

Acute otitis media (AOM) is a bacterial or viral infection 
of the middle ear that typically accompanies an upper 
respiratory tract infection [31]. It results in a painful and 
inflamed ear and can lead to temporary hearing loss. 
More severe infections that spread may even lead to 
impaired brain function. An important factor in the 
pathogenesis is the colonization of the upper airways 
by bacteria such as S. pneumoniae.  

A Cochrane systematic review found five clinical trials 
that utilized xylitol interventions for the prevention and 
treatment of AOM in children up to 12 years of age 
[32]. The review concluded that there was moderate 
quality evidence suggesting that xylitol interventions 
may be effective in reducing the risk of AOM in 
children, but that it was not found to be effective for 
treating AOM during an upper respiratory tract 
infection. The authors also expressed caution in 
interpretations of these data due to the limited number 
of studies that have been conducted.   

DIABETES 

Sugar alcohols have unique properties that make them 
a desirable sugar substitute for those who need to 
control their glycemic response. In one study, eight 
non-obese men fasted overnight and consumed 25 
grams of lactitol, xylitol, or glucose [33]. 

The authors of the study used the indirect calorimetry 
method to measure carbohydrate and lipid oxidation in 
the participants after they consumed the solutions, and 
failed to find a significant difference in the participants 
that consumed lactitol or xylitol.    

However, the results also suggest that the study may 
have been too small since glucose consumption 
resulted in a carbohydrate oxidation effect that was 
approaching statistical significance. Furthermore, 
another trial that recruited 10 obese and 10 lean, 
nondiabetic patients found that after eight hours of 
fasting, nasogastric administration of 50 grams of 
xylitol in water resulted in a very small increase in 
serum glucose when compared to placebo [34].  

In a study where diabetic patients were provided 
single, 20 gram doses of erythritol, serum levels of 
erythritol reached their peak one hour after ingestion, 
however, there were no changes in serum glucose or 
insulin levels [5]. In a separate trial conducted by the 
same investigators but different participants, daily 
administration of erythritol (20 grams) to 11 diabetic 
patients for 14 days resulted in a decrease in 
hemoglobin A1c and serum glucose levels. This is 
consistent with the properties of erythritol, which 
contribute to the inability of the body to metabolize it 
and lead it to being excreted by the body as is [1].  

GASTROINTESTINAL HEALTH 

It is well known that highly fermentable carbohydrates 
contribute to a healthy gastrointestinal ecosystem by 
increasing the diversity of the microbiome and by 
contributing to the production of various end products 
that maintain the integrity of the gastrointestinal tract. 

© 2020 The Paleo Foundation
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Low molecular weight polyols, in particular, play an 
important role by reducing circulating levels of 
ammonia (NH3) [35] and other toxic microbial end 
products such as lipopolysaccharides, which are often 
a s s o c i a t e d w i t h n u m e ro u s m e t a b o l i c a n d 
gastrointestinal disorders. Furthermore, polyols help 
maintain the acidic pH of the colon by contributing to 
the production of lactic acid and short-chain fatty acids 
such as butyric acid [36,37], which are a source of 
energy to colonocytes and help maintain the growth of 
acidophilic bacteria that typically reside in the colon.  

In one animal study, administration of xylitol to rats 
resulted in a shift from fecal gram-negative bacteria to 
gram-positive bacteria after six weeks when compared 
to animals not given xylitol [38]. Similar results have 
been found in crossover trials in humans, which reduce 
the sampling variability that results from individual and 
group differences. In one crossover trial, participants 
underwent an overnight fast and consumed a solution 
with 30 grams of xylitol or glucose in randomized 
orders [38]. Fecal microscopy analyses showed that 
glucose resulted in a 20-30% increase in gram-positive 
bacteria while xylitol resulted in a 50-55% increase.   

The study also found that fecal levels of yeast were 
reduced, although, the species/strains were not 
reported [38]. However, in-vitro studies have suggested 
that sugar alcohols like xylitol are able to suppress the 
growth of yeast such as Candida [39], and other animal 
studies have shown xylitol to reduce the fecal 
concentration of Candida albicans [40]. Studies in rats 
have shown that xylitol consumption was associated 
with an increase in the genus Prevotella and the phyla 
Firmicutes, while being associated with a reduction in 
Bacteroides and Clostridium [41,42]. 

Polyols have also been established as having utility for 
constipation due to their well-known effect of 
increasing osmotic pressure in the colon, thereby 

increasing retention of water and inducing a laxative 
effect, especially with higher dosages. In one 
randomized controlled trial [43], 120 participants were 
randomized to a xylitol chewing gum intervention or no 
chewing gum. When comparing the two groups, the 
xylitol chewing gum group had a reduced time in 
reaching first bowel movement when compared to the 
control group (as measured by first bowel sounds). 
These results are consistent with other randomized 
trials that have been conducted on different 
populations such as women who had a caesarian 
section [44], which is often associated with 
constipation. Similar laxative effects have been 
reported for other sugar alcohols such as sorbitol, 
mannitol, isomalt, lactitol, maltitol and erythritol.  

ADVERSE EFFECTS 

The most common adverse effects experienced by 
those who consume sugar alcohols are gastrointestinal 
effects. Side effects include bloating, diarrhea, and 
flatulence. However, the extent to which these side 
effects are experienced will differ from polyol to polyol 
and on the amount consumed [1,45].  

Sugar alcohols that are poorly absorbed in the small 
intestine but highly fermentable in the colon will induce 
the most discomfort such as sorbitol, mannitol, and 
isomalt, whereas sugar alcohols that are more easily 
absorbed in the small intestine are less likely to induce 
such adverse effects with erythritol being the least 
likely to cause gastrointestinal adverse effects due to its 
high absorption rate (90%) [1,6].    

Xylitol has been found in many studies to be better 
tolerated than polyol disaccharides, polysaccharides, 
and hexitols. This is consistent with the fact that xylitol 
is a monosaccharide that is more easily absorbed and 
less fermentable than larger polyol compounds [1]. 
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However, a subset of individuals who chronically 
experience gastrointestinal discomfort, such as those 
with irritable bowel syndrome, a functional 
gastrointestinal disorder, have often been advised to 
avoid polyols and other complex forms of 
carbohydrates that are fermentable. One dietary 
approach that advocates this is the low-FODMAP 
diet.  

While this diet has shown promise in many clinical 
trials [46], many of the trials are heterogenous and 
short in duration. Some critics of the diet have 
argued that although the diet may relieve symptoms 
temporarily, by consuming a diet devoid of 
fermentable carbohydrates, patients could 
potentially be worsening their health by reducing the 
diversity of their microbiome.   
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4  |  DISCUSSION

It is quite clear that sugar alcohols possess several 
desirable properties that make them suitable as 
replacements for sugar. They are typically lower in 
calories, difficult to digest and metabolize quickly, 
and may even offer health benefits for several 
outcomes. As discussed above, xylitol has shown 
much promise for several health outcomes such as 
oral health, respiratory health, and metabolic 
conditions. It is even possible that other sugar 
alcohols may yield similar benefits given that they 
share several biochemical characteristics with xylitol. 
Although, more trials will need to investigate these 
compounds and their effects.  

Regardless, there is no doubt that sugar alcohols are 
safe and effective sugar replacements for the vast 
majority of individuals.
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