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ABSTRACT

Xylitol is a safe dental caries preventive when incorporated into
chewing gum or confections used habitually. The goal of this
paper is to identify and assess the work on xylitol and other
polyols and dental caries since 2008. Xylitol is effective when
used by the mother prenatally or after delivery to prevent
mutans transmission and subsequent dental caries in the off-
spring. One new completed trial confirmed that children of
mothers who used xylitol lozenges after delivery had less dental
caries than a comparison group. A similar study confirmed that
the use of xylitol gum by the mother either prevented or post-
poned MS transmission to the offspring. Xylitol use among
schoolchildren delivered via a gummy bear confection reduced
S. mutans levels, but a once per day use of xylitol-containing
toothpaste did not. Randomized trials, with caries outcomes,
assessing xylitol-containing lozenges in adults and xylitol-con-
taining gummy bears in children will release results in the com-
ing year. Other studies are ongoing but are not systematic and
will fail to answer important questions about how xylitol, or
other polyols, can address the global dental caries problem.

ylitol is a sugar substitute “generally regarded as safe” by the

U.S. FDA and has been approved by regulators in Europe and
elsewhere. In teens and young adults, it is non-cariogenic and anti-
cariogenic (Mékinen et al., 1995). Xylitol is effective in chewing
gum or confections used habitually. It inhibits metabolism of S.
mutans (Trahan, 1995). Chewing alone does not cause the effect
(Hildebrandt and Sparks, 2000; Ly et al., 2006; Milgrom et al.,
2006, 2009). It has also been shown to prevent caries in offspring
of mothers who use xylitol gum by reducing maternal transmis-
sion of S. mutans (Isokangas et al., 2000). Limited evidence is
available on the efficacy of maltitol and erythritol.
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The goal of this paper is to assess work on polyols and dental
caries since 2008. The aims are to: (1) address results of evi-
dence-based reviews or policy statements, (2) describe findings
on the caries-protective mechanisms, (3) summarize clinical
trials, and (4) describe ongoing research that may contribute
further to an understanding of the usefulness of polyols.

METHODS

Although this is not a formal systematic review, multiple broad-
based searches were conducted to assemble information: (1)
Papers published in 2008 or later were identified from Medline
using the search terms “xylitol and dental caries”. Including the
terms “polyol” or “maltitol” or “erythritol” did not identify addi-
tional papers of clinical relevance. (2) The Web sites clinicaltrials.
gov and controlled-trials.com were searched using the same
terms. (3) The iadr.org Web site was used to identify abstracts.
Research reports were followed up with authors to identify addi-
tional research.

RESULTS
Evidence-based Reviews

The American Dental Association published results of an
exhaustive review and meta-analysis of non-fluoride caries-
preventive agents (Rethman er al., 2011). None reviewed
for effectiveness—including polyols—was seen as being sup-
ported by unequivocal evidence. Nevertheless, among remedies
assessed, only sucrose-free gum and xylitol-containing lozenges
used after meals were recommended as effective. Newer studies,
such as the xylitol syrup trial in toddlers (Milgrom et al., 2009),
were included in the review, but were not recommended because
a confirmatory study had not been published.

A meta-analytic study evaluated the pooled effects of 14 polyol
chewing gum randomized trials or observational studies (Desh-
pande and Jadad, 2008). The authors found a large preventive
fraction for xylitol-sorbitol blended gums as well as for sorbitol-
mannitol gums. A systematic review was published evaluating
xylitol candies and lozenges (Antonio et al., 2011). After exclusion
of studies not interpretable, only 3 were included in the meta-
analysis. The results favored a caries-preventive effect.

Such systematic reviews are important, because dissemina-
tion of available knowledge about xylitol is limited among
practitioners. As long as clinicians are uncertain about the evi-
dence for maternal transmission or the effectiveness of xylitol
(e.g., Huebner et al., 2009), little progress will be made.
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Figure 1. The adhesion (A550) of 8 oral streptococci grown in the presence of 4% (0.26 mol/I) xylitol or 4% (0.33 mol/|) erythritol to a smooth
glass surface. Significant differences shown between control vs. xylitol and vs. erythritol are indicated as follows: *P < —.05; **P < 0.01; ***P <
0.001. (Reprinted from Séderling and Hietala-Lenkkeri, 2010, with permission.)

Greater research work on dissemination of this information is
needed.

The American Academy of Pediatric Dentistry (AAPD)
strengthened its recommendation regarding xylitol (American
Academy of Pediatric Dentistry, 2011). The policy says that
AAPD “supports the use of xylitol as part of a preventive strat-
egy aimed specifically at long term caries pathogen suppression
and caries (dmf) reduction in higher risk populations.” It recom-
mends better labeling.

New Work on Mechanisms of Action

Caries reduction is usually attributed to growth inhibition of MS
(Marsh et al., 2009). However, consumption of xylitol can lead to
less plaque and less MS bound to plaque (Soderling, 2009).
Soderling and Hietala-Lenkkeri (2010) have shown that polysac-
charide-mediated cell adherence of S. mutans and sanguinis is not
related to growth inhibition (Fig. 1). These findings further help
explain why xylitol lowers the amount of MS found in plaque.

Campus and colleagues (2009) showed that children who
chewed xylitol gum for 3 and 6 mos had a reduction in plaque
acidogenicity. Xylitol-induced decreases in salivary MS were
smaller. This finding is in line with the ecological plaque
hypothesis (Marsh et al., 2009) and may partially explain the
clinical effectiveness of xylitol. Similar findings were reported
for maltitol gum (Macioce et al., 2010).

Recently, a randomized, controlled, double-blind, cross-over
pilot study with 12 participants suggested that although xylitol
consumption for 4 wks decreased plaque MS, no changes were
detected in 14 other plaque species (Soderling et al., 2011).

New Clinical Studies

Estonia Chewing Gum Study

Mothers at a maternity clinic followed a 6 g/day regimen of
xylitol lozenges of 4 doses/day until their children were 36 mos

old (Olak et al., 2012). This was compared with those receiving
no treatment. Offspring were examined at 2 and 3 yrs of age.
Children in the control group were more likely to have caries at
2 yrs (OR = 6.6, 95% CI 1.8, 25.0) or 3 yrs (OR = 3.9, 95% CI
1.5, 10.0). A limitation is absence of randomization.

Similarly, a Japanese study examined xylitol gum use (1 piece
100% xylitol 1.32 g/pellet, 5 times/day) among 56 women during
pregnancy and after delivery compared with a no-gum control
group (Nakai et al., 2009). Actual xylitol use averaged 3.8 g/day,
2.9 times/day. Lower SM were shown for the xylitol group up to
7 mos after initiation, but subsequent results were mixed. Another
publication from the same group (Nakai et al., 2010) reported
that, compared with offspring of the controls, offspring of the
xylitol group were less likely to acquire MS at 9-24 mos of age,
and that, overall, the children in the xylitol group acquired MS 8.8
mos later than did children of controls. Fig. 2 illustrates the results
compared with results from Finland and Sweden.

In a third study, S. mutans and Lactobacillus spp. were studied
in a 6-week evaluation of gummy bear snacks in 154 children of
various levels of caries risk, providing daily consumption of 11.7
g or 15.6 g xylitol vs. 44.7 g maltitol divided into 3 doses (Ly
et al., 2008). The maltitol condition was intended as an inactive
control. The results (Fig. 3) showed reductions of plaque
S. mutans with exposure to both doses of xylitol and to maltitol,
when the data were evaluated both with and without children with
no measurable S. mutans at baseline. Lactobacillus spp. were
unchanged. There were no differences in the effects of xylitol and
maltitol, even when the xylitol groups were combined.

Xylitol /Fluoride Toothpaste

An evaluation assessed the effectiveness of supervised brushing
1/day with fluoride-sorbitol vs. fluoride-xylitol toothpaste to
control MS and prevent dental caries among high-caries-risk
children ages 3-5 yrs (N = 196) in the Marshall Islands (Chi
etal., 2012). Four preschool classrooms were randomly assigned
to 1 of 2 treatments: 1400-ppm fluoride-sorbitol toothpaste
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Figure 2. The results of three mother-child intervention studies showing that maternal interventions result in lowered colonization rates in the off-
spring. The studies were conducted in Finland, Sweden, and Japan and vary in the timing of the intervention and dose of xylitol; the circled areas
indicate where the results are similar (Fig. courtesy of Dr. Eva Séderling, University of Turku). Significance tests are indicated as follows: *P < 0.05;

**P < 0.01; ***P <0.001.

or 1400-ppm fluoride-31% xylitol toothpaste (Epic Dental,
Provo, UT, USA). This toothpaste contains sodium lauroyl sar-
cosinate, similar to sodium lauryl sulfate, a common ingredient
known to interfere with the intracellular uptake of xylitol (Assev
et al., 1997). Children had examinations at the start and end of
the school year. Plaque and saliva MS were assessed. There was
no significant difference in baseline caries scores between the 2
groups. At the end of the year, there were no differences by
treatment in the proportions of children with high levels of MS.
While the number of primary tooth surfaces affected by caries
increased in both groups, the median caries increment in the
fluoride-xylitol group was greater than that in the fluoride-sor-
bitol group (0.0375 vs. 0.0114 surfaces, p = 0.009).

Xylitol/Maltitol and Erythritol/Maltitol Lozenges

A 4-year cluster trial investigated the preventive effects of xylitol/
maltitol (49% xylitol, 47.46% maltitol) and erythritol/maltitol
lozenges (49.43% xylitol, 47.04% erythritol) delivered at school

(Hietala-Lenkkeri et al., 2011). From 21 schools, 579 low-caries-
risk 10-year-olds were randomly assigned to 1 of 5 groups. Four
groups used the lozenges on school days in 3 teacher-supervised
sessions daily, over 1 or 2 yrs. The daily amount was 4.7g/4.6g for
xylitol/maltitol and 4.5g/4.2g for erythritol/maltitol. The control
group received no treatment. Use of xylitol/maltitol or erythritol/
maltitol lozenges did not result in caries reduction.

Ongoing Work

Bader and colleagues (2010) have conducted a 3-year multi-
center randomized trial to test 5 g/day xylitol in 1-g lozenges
among 691 adults ages 21-80 yrs with at least 1 coronal or root-
surface cavitated caries lesion either at entry or within 12 mos.
Lozenges were chosen to overcome the adults’ resistance to
using gum. Nelson and Milgrom (2011) are assessing the effec-
tiveness of xylitol-sweetened (7.8 g xylitol) gummy bears (2/
dose, 3 times/day) during school among 562 high-caries-risk
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kindergarten children followed until 2nd grade in a cluster
(classroom) randomized design. The gummy bears were chosen
as the xylitol vehicle to enhance cooperation of the children and
overcome resistance to chewing gum in the schools.

A trial is ongoing in which 450 Estonian children, 7-9 yrs old
at enrollment, are randomized to 1 of 3 conditions: erythritol
lozenges 2.5 g 3 times/day; xylitol lozenges 2.5 g 3 times/day;
or sorbitol lozenges 2.5 g 3 times/day (University of Tartu,
2010). The outcome is caries reduction at 3 yrs post-baseline. A
trial is also taking place in Scotland among 180 mothers with
high MS to determine the effect of 6 g/day xylitol (12 lozenges
or 9 pieces of gum) in 4 exposures/day when their children are
3-24 mos old (NHS Fife, 2011). A final trial involves 60 2- to
6-year-olds chewing xylitol tablets up to 7 times/day with an
intended total dose of 5 g/day (Y. Nakai, personal communica-
tion). The comparison group (N = 60) chews a sorbitol tablet.
MS levels are to be measured at baseline and at 1, 3, and 6 mos.

DISCUSSION

This paper reviews published as well as ongoing studies to pro-
vide an update on polyol clinical efficacy. Although it is not a
formal systematic review, an attempt was made to be compre-
hensive and balanced by a broad search, with multiple authors
searching, and outside review of the paper. While some possibil-
ity of bias remains, nevertheless, if the studies, reviews, and
policies are a fair indication, there is increased recognition of
the value of xylitol as part of dental caries prevention for indi-
viduals at high risk. Newer findings shed light on the mecha-
nisms by which xylitol, and perhaps maltitol and erythritol,
function to disrupt biofilm organization and adherence and thus
prevent dental caries. As in other areas of medicine, clinical tri-
als have been conducted, while aspects of mechanisms of action
remain to be elucidated.

The Estonia mothers study and the study by Nakai et al.
(2010) provide a valuable confirmation that xylitol during or
after pregnancy prevents colonization in some children and
postpones colonization in others. The Estonia study further con-
firms caries reduction among the offspring. Three studies,
although varying in design and dose and frequency of xylitol,
now suggest this as a viable clinical intervention to be adopted
more widely.

What will we know if ongoing studies are reported? The
quality of the designs is mixed, and the studies are obviously not
coordinated. The studies by Bader and colleagues and Nelson
and colleagues are the only definitive trials. Bader and col-
leagues studied adults using a xylitol lozenge vehicle but with a
weak definition of risk and a wide age range. Nelson and Mil-
grom (2011), using a xylitol confection vehicle, have studied
children who are known as high risk.

The other studies use surrogate outcomes or have other
threats to their validity. Using MS as a surrogate is logical for
screening products, because the polyols affect MS, and, for the
most part, the results of previous surrogate studies agree with
the clinical findings. Based on what we now see in the clinical
trials literature, and the disincentives for manufacturers to sup-
port polyol studies, it will be a long time before enough clinical
trial data accumulate to satisfy the criteria of the systematic
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Figure 3. Mean S. mutans/sobrinus levels in plaque at baseline and
after 6 wks of gummy bear exposure for schoolchildren exposed to
either 11.7 g/d (X12) or 15.6 g/d (X15) xylitol or 44.7 g/d mailtitol
(MC) total dose, divided into 3 doses per school day. At 6 wks, log'®
S. mutans/sobrinus levels showed significant reductions for all groups
(p=0.0001): X16 = 1.13 (SD = 1.65); X12 = 0.89 (SD = 1.11); M45
=0.91 (SD = 1.46). Reprinted with permission from Ly et al., 2008.

reviews. It might be better for researchers and policy-makers to
agree on a rigorous surrogate design. The European Food Safety
Agency has recently accepted claims for the benefits of high-
concentration xylitol chewing gum based on the reduction of
dental plaque (EFSA, 2011).

Bader and colleagues (2010) used lozenges as their xylitol
delivery vehicle. This is logical, because gum chewing is
uncommon in adults and previous evidence supports the use of
lozenges. Their design, however, raises concerns about a failure
to collect information about modifiers such as xerostomic drug
use or to plan for subgroup analyses of individuals at higher
risk. The attempt to conduct one study that covers an entire
population ignores the fact that dental caries is not uniformly
distributed in the population and across the life-course.

The Nelson and Milgrom work uses xylitol-sweetened con-
fections as the delivery vehicle. This makes sense in that
American schools are unlikely to allow chewing gum at school,
and gummy bears deliver equivalent amounts of xylitol to the
saliva. Also, a study showed that consumption of the gummy
bears lowered S. mutans levels. However, all of the children
have received fluoride treatments, so only the additive effect of
the xylitol gummy bears can be assessed.

In both of these studies, repeated use is needed. There is a
need for a vehicle where xylitol is released more slowly so that
it can be used less frequently. In this light, findings from the
xylitol toothpaste study by Chi and colleagues are disappoint-
ing. There was no benefit from a single use each day. However,
this may be because ingredients in the particular toothpaste
interfere with the action of xylitol. Studies should be carried out
to evaluate other formulations. Work has been proposed (P. Mil-
grom, personal communication) to create a syrup that might be
used once per day based on the syrup used in the trial in the
Marshall Islands. Informally, we have examined the U.S. prod-
uct XyliMelts®. This is a 500-mg disk of xylitol that adheres
to the buccal gingiva and dissolves slowly. Daily use of 2
disks at night lowered plaque S. mutans significantly after 1 wk



116 Milgrom et al.

(Milgrom, personal communication), but this product has never
been formally evaluated. A slow-release vehicle might also allow
for greater use of xylitol to prevent S. mutans transmission from
mother to child and early colonization, resulting in Early Child-
hood Caries.

There are limited data on maltitol and erythritol. Maltitol is
cheaper than xylitol and merits further investigation. Neverthe-
less, the current situation with studies of weak design is unlikely
to yield strong evidence.

CONCLUSION

New studies have emerged since the initial [ICNARA meeting, but
many questions remain regarding the clinical efficacy of polyols.
Higher-quality studies and greater coordination among studies
going forward may yield more uniform and practically useful
results. In addition, it would be desirable to have all products on
the world market formally tested, but regulation is lacking.
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