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A B S T R A C T

Background

Dental caries is a highly prevalent chronic disease which aIects the majority of people. It has been postulated that the consumption of
xylitol could help to prevent caries. The evidence on the eIects of xylitol products is not clear and therefore it is important to summarise
the available evidence to determine its eIectiveness and safety.

Objectives

To assess the eIects of diIerent xylitol-containing products for the prevention of dental caries in children and adults.

Search methods

We searched the following electronic databases: the Cochrane Oral Health Group Trials Register (to 14 August 2014), the Cochrane Central
Register of Controlled Trials (CENTRAL) (The Cochrane Library, 2014, Issue 7), MEDLINE via OVID (1946 to 14 August 2014), EMBASE via
OVID (1980 to 14 August 2014), CINAHL via EBSCO (1980 to 14 August 2014), Web of Science Conference Proceedings (1990 to 14 August
2014), Proquest Dissertations and Theses (1861 to 14 August 2014). We searched the US National Institutes of Health Trials Register (http://
clinicaltrials.gov) and the WHO Clinical Trials Registry Platform for ongoing trials. No restrictions were placed on the language or date of
publication when searching the electronic databases.

Selection criteria

We included randomised controlled trials assessing the eIects of xylitol products on dental caries in children and adults.

Data collection and analysis

Two review authors independently screened the results of the electronic searches, extracted data and assessed the risk of bias of the
included studies. We attempted to contact study authors for missing data or clarification where feasible. For continuous outcomes, we used
means and standard deviations to obtain the mean diIerence and 95% confidence interval (CI). We used the continuous data to calculate
prevented fractions (PF) and 95% CIs to summarise the percentage reduction in caries. For dichotomous outcomes, we reported risk ratios
(RR) and 95% CIs. As there were less than four studies included in the meta-analysis, we used a fixed-eIect model. We planned to use a
random-eIects model in the event that there were four or more studies in a meta-analysis.
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Main results

We included 10 studies that analysed a total of 5903 participants. One study was assessed as being at low risk of bias, two were assessed
as being at unclear risk of bias, with the remaining seven being at high risk of bias.

The main finding of the review was that, over 2.5 to 3 years of use, a fluoride toothpaste containing 10% xylitol may reduce caries by 13%
when compared to a fluoride-only toothpaste (PF -0.13, 95% CI -0.18 to -0.08, 4216 children analysed, low-quality evidence).

The remaining evidence on children, from small single studies with risk of bias issues and great uncertainty associated with the eIect
estimates, was insuIicient to determine a benefit from xylitol products. One study reported that xylitol syrup (8 g per day) reduced caries by
58% (95% CI 33% to 83%, 94 infants analysed, low quality evidence) when compared to a low-dose xylitol syrup (2.67 g per day) consumed
for 1 year.

The following results had 95% CIs that were compatible with both a reduction and an increase in caries associated with xylitol: xylitol
lozenges versus no treatment in children (very low quality body of evidence); xylitol sucking tablets versus no treatment in infants (very
low quality body of evidence); xylitol tablets versus control (sorbitol) tablets in infants (very low quality body of evidence); xylitol wipes
versus control wipes in infants (low quality body of evidence).

There was only one study investigating the eIects of xylitol lozenges, when compared to control lozenges, in adults (low quality body of
evidence). The eIect estimate had a 95% CI that was compatible with both a reduction and an increase in caries associated with xylitol.

Four studies reported that there were no adverse eIects from any of the interventions. Two studies reported similar rates of adverse eIects
between study arms. The remaining studies either mentioned adverse eIects but did not report any usable data, or did not mention them
at all. Adverse eIects include sores in the mouth, cramps, bloating, constipation, flatulence, and loose stool or diarrhoea.

Authors' conclusions

We found some low quality evidence to suggest that fluoride toothpaste containing xylitol may be more eIective than fluoride-only
toothpaste for preventing caries in the permanent teeth of children, and that there are no associated adverse-eIects from such
toothpastes. The eIect estimate should be interpreted with caution due to high risk of bias and the fact that it results from two studies
that were carried out by the same authors in the same population. The remaining evidence we found is of low to very low quality and is
insuIicient to determine whether any other xylitol-containing products can prevent caries in infants, older children, or adults.

P L A I N   L A N G U A G E   S U M M A R Y

Can xylitol used in products like sweets, candy, chewing gum and toothpaste help prevent tooth decay in children and adults?

Review question

This review has been produced to assess whether or not xylitol, a natural sweetener used in products such as sweets, candy, chewing gum
and toothpaste, can help prevent tooth decay in children and adults.

Background

Tooth decay is a common disease aIecting up to 90% of children and most adults worldwide. It impacts on quality of life and can be the
reason for thousands of children needing dental treatment under general anaesthetic in hospital. However, it can easily be prevented and
treated by good oral health habits such as brushing teeth regularly with toothpaste that contains fluoride and cutting down on sugary
food and drinks. If leM undisturbed, the unhelpful bacteria in the mouth - which cause decay - multiply and stick to the surfaces of teeth
producing a sticky film. Then, when sugar is eaten or drank, the bad bacteria in the film are able to make acid resulting in tooth decay.

Xylitol is a natural sweetener, which is equally as sweet as normal sugar (sucrose). As well as providing an alternative to sugar, it has other
properties that are thought to help prevent tooth decay, such as increasing the production of saliva and reducing the growth of bad bacteria
in the mouth so that less acid is produced.

In humans, xylitol is known to cause possible side eIects such as bloating, wind and diarrhoea.

Study characteristics

Authors from the Cochrane Oral Health Group carried out this review of existing studies and the evidence is current up to 14 August 2014. It
includes 10 studies published from 1991 to 2014 in which 7969 participants were randomised (5903 of whom were included in the analyses)
to receive xylitol products or a placebo (a substitute without xylitol) or no treatment, and the amount of tooth decay was compared. One
study included adults, the others included children aged from 1 month to 13 years. The products tested were the kind that are held in the
mouth and sucked (lozenges, sucking tablets and sweets) or slowly released through a dummy/pacifier, as well as toothpastes, syrups,
and wipes.

Key results
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There is some evidence to suggest that using a fluoride toothpaste containing xylitol may reduce tooth decay in the permanent teeth of
children by 13% over a 3 year period when compared to a fluoride-only toothpaste. Over this period, there were no side eIects reported
by the children. The remaining evidence we found did not allow us to conclude whether or not any other xylitol-containing products can
prevent tooth decay in infants, older children, or adults.

Quality of the evidence

The evidence presented is of low to very low quality due to the small amount of available studies, uncertain results, and issues with the
way in which they were conducted.
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Summary of findings for the main comparison.   Xylitol toothpaste versus control toothpaste for preventing dental caries

Xylitol toothpaste compared with control toothpaste for preventing dental caries

Patient or population: children with permanent teeth

Settings: schools

Intervention: fluoride toothpaste containing 10% xylitol

Comparison: fluoride toothpaste

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Control Xylitol

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Caries: incre-
ment (DFS) pre-
vented fraction
(PF) at 2.5 to 3
years follow-up

(higher DFS
score indicates
worse caries)

The (weight-
ed) mean caries
increment for
control groups
was
2.1

The mean caries
increment in the
xylitol groups
was

0.28 lower

(0.42 to 0.14 low-
er)

PF1 = 0.13 (0.08
to 0.18)

4216
(2 studies)

⊕⊕⊝⊝
low2

The PF of 0.13 means that there was a 13% reduc-
tion in caries in the xylitol group

There is no compelling evidence, from other com-
parisons in this systematic review, to support the
use of xylitol products. The body of evidence for all
other comparisons and caries outcomes is rated as
being low to very low quality. This is because they
are single studies with imprecision mostly due to
very small sample sizes, and most of which have a
high risk of bias

Adverse effects Both studies reported that there were no adverse effects in either the xylitol or control group

CI: Confidence interval; DFS: decayed filled surfaces; PF: prevented fraction

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
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1 The prevented fraction (PF) is calculated as follows: the mean increment in the controls minus the mean increment in the treated group divided by the mean increment in the
controls
2 Downgraded due to high risk of bias in the included studies (due to high attrition) and both studies were conducted by the same authors in the same population
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B A C K G R O U N D

Description of the condition

Dental caries aIects 60% to 90% of children as well as the majority
of adults (Petersen 2003). The condition is a chronic disease caused
by the consumption of free sugars (Moynihan 2013; Sheiham
2014) in the presence of indigenous cariogenic bacteria (Sato
1996). Although a variety of bacteria have been implicated in the
caries process, Streptococcus mutans (S. mutans) - a gram-positive
bacteria - has been identified as the primary pathogen (Marsh
1992). The development of dental caries is a dynamic process, and
four factors need to be present simultaneously (Qualtrough 2005):

• a fermentable carbohydrate (dietary sugars);

• bacteria (in dental plaque/biofilm);

• a susceptible tooth surface;

• suIicient time for the preceding factors to interact.

If there is time (due to inadequate oral hygiene measures) then
bacteria in the oral cavity will build up, adhere to tooth surfaces
and interact with saliva to form a biofilm (Reese 2007). Acid is
subsequently derived from the metabolic processes within this
biofilm (the main driver for this is the availability of dietary free
sugars such as sucrose, glucose and fructose) leading to a reduction
in pH; mineral (calcium, phosphate) is then lost from the tooth
surface (demineralisation). As the availability of dietary sugars
depletes and the pH increases, remineralisation occurs as minerals
dissolved in the saliva are re-incorporated into the tooth structure
(Manji 1991). The net result of this is the maintenance of an intact
tooth. However, the frequent intake of dietary sugars leads to an
imbalance in demineralisation and remineralisation in favour of
the former; this leads to the formation of a carious lesion (Bowen
1978). The diagnosis of dental caries is based on clinical and, where
appropriate, radiographic examination.

An estimation of the depth of demineralisation (extent of the
carious lesion) and a judgement of whether the lesion is active
dictates its management (Nyvad 1997). Management may be
operative or non-operative (preventive) (Pitts 2004).

Operative management consists of removal of demineralised
dental tissue and replacement with a synthetic material to prevent
the continuation of the carious process. This restorative procedure
can result in the repeated need for repair and/or replacement of the
restoration, and with each intervention greater tooth loss inevitably
occurs. Eventually the tooth may become unrestorable leading to
its loss. This has been referred to as the restorative staircase (Sharif
2010).

Prevention of caries can avoid the initiation of this process.
Preventive strategies are focused on reducing one or all of the
four factors required for the development of dental caries (listed
above). Several Cochrane reviews have evaluated the eIectiveness
of antimicrobial therapy, dental floss, fissure sealants, dietary
advice and fluorides in the prevention of dental caries (Harris
2012; Hiiri 2010; Pereira-Ceni 2009; Sambunjak 2011). The most
widely reported preventive measure has been the use of fluorides
(Benson 2004; Marinho 2003; Marinho 2009; Walsh 2010). Fluoride
inhibits demineralisation when it is present as a solution; it also
aids remineralisation and has been reported to be a bacteriostatic
agent (Featherstone 1999).

Description of the intervention

Sugar alcohols (or polyols) are sweet tasting organic compounds
that occur naturally and can be used to replace sucrose (table
sugar). There are many sugar alcohols used in the food industry; for
example, maltitol, lactitol, sorbitol, mannitol, erythritol and xylitol.

Xylitol is a 5-carbon sugar alcohol of crystalline structure, found in
many fruits and plants (Jones 1979). It achieves equal sweetness
to sucrose without resulting in a physiological requirement for
insulin production as it is not absorbed in the small intestine.
Consequently xylitol is used as a sucrose substitute in many
diabetic food products (Brunzell 1978). The main reported adverse
side eIect of xylitol is its laxative eIect (Wang 1981).

Xylitol has been produced in a variety of preparations including
chewing gum, syrup, lozenges, sprays, mouthwashes, gels,
toothpaste, candies, and varnishes (Alanen, Gutmann 2000; Ly
2006; Makinen 1982; Milgrom, Rothen 2009; Pereira-Ceni 2009).

How the intervention might work

There are three ways in which products containing xylitol may
reduce caries. The first is by a passive substitution of cariogenic
free sugars (for example, sucrose - table sugar). The sugar alcohols
have been shown from in-vitro, animal and in-vivo cariogenicity
tests to be either non-acidogenic or hypo-acidogenic, and therefore
extremely low or non-cariogenic (van Loveren 2004). If cariogenic
sugars are replaced by non-cariogenic sugar alcohols, this will
reduce the incidence of caries. For the purpose of this review,
studies where known cariogenic sugars were substituted with
xylitol were not eligible.

The second method by which xylitol containing products may
reduce caries is by saliva stimulation. Chewing or sucking on a
non-cariogenic pastille or lozenge will stimulate saliva secretion.
Saliva itself inhibits caries in four ways; 1) mechanical cleansing
or flushing action, 2) delivering calcium, phosphate and fluoride
ions for the remineralisation of enamel, 3) by acting as a buIer
to plaque acids via carbonate, phosphate and protein and 4) by
specific anti-bacterial properties (Dowd 1999; Lamanda 2007; Ruhl
2012). Studies comparing xylitol to a non-placebo control were
therefore eligible for this review to allow investigation of this eIect.

Thirdly, there may be a specific anti-caries eIect attributable to
xylitol. Of the non-cariogenic sugar alcohols, xylitol has received
the most attention in caries prevention studies, because it has also
been shown to inhibit the growth of oral bacteria. This may be the
mechanism by which it reduces the occurrence of acute otitis media
in children up to the age of 12 years (Azarpazhooh 2011).

Xylitol cannot be used for energy production by the primary
bacteria responsible for the dental caries process – S. mutans
(Marsh 1992; Vadeboncoeur 1983). Instead, S. mutans metabolises
xylitol to xylitol–5–phosphate, which then represses the normal
metabolism of glucose to lactate (plaque acid) by inhibition of
glycolytic enzymes. This results in reduced plaque acid production,
and S. mutans entering an energy wasting cycle which inhibits its
growth (Miyasawa 2003; Trahan 1985; Trahan 1995).

However, the anti-S. mutans eIect of xylitol in-vivo over the long
term is unclear, because through natural selection, S. mutans
becomes resistant to xylitol in habitual users (Trahan 1987); and
glucose metabolism and lactate production appear to recover to

Xylitol-containing products for preventing dental caries in children and adults (Review)
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normal levels, even in the presence of xylitol-5-phosphate (Assev
2002; Takahashi 2011). It has been suggested that the xylitol
resistant strain of S. Mutans may be less cariogenic due to reduced
adherence to tooth surfaces and formation of a less sturdy plaque
biofilm (Lee 2012; Söderling 2010; Tanzer 2006; Trahan 1985).

The intra-oral environment contains a complex ecosystem of multi-
species cariogenic plaque bacteria, interacting with saliva and
fluoride over time. Although xylitol shows promising properties in
the laboratory, it remains to be seen whether xylitol has active anti-
caries properties over the long term, in-vivo. Clinical studies which
can answer this question require xylitol to be compared to a non-
cariogenic placebo, and these studies were also eligible for this
review.

Why it is important to do this review

The dental caries process and its management has the potential
to cause pain, infection, and in young children can lead to the
development of dental anxiety, especially if treatment requires
extraction of teeth under general anaesthetic in hospital (Hosey
2006). In addition, caries can be costly to treat (Skaret 1998;
Stephen 1978). Experience of dental caries has been shown to
adversely aIect oral health related quality of life outcomes (Chen
1996).

Xylitol remains a controversial topic in the prevention of caries.
In the US, xylitol is incorporated into many public and private
preventive dental programs based on its recommendation in
several clinical guidelines, for both adults and children (AAPD
2010; AAPD 2013; ADA 2011). However, its use is not mentioned
at all in UK guidelines on caries prevention (DBOH 2014; SIGN
2014), and although the xylitol studies first originated in Europe,
European researchers and clinicians have tended to be hesitant
in recommending the use of xylitol for caries prevention (Fontana
2012; Söderling 2009). This variation in recommendation is due
to conflicting results in the literature concerning its eIectiveness,
caused by poorly designed studies, inadequate sample sizes,
inconsistent use of outcome measures, and widely varying (and
oMen very low) doses of xylitol (Twetman 2009).

O B J E C T I V E S

To assess the eIects of diIerent xylitol-containing products on
preventing dental caries in children and adults.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs), including cluster randomised
trials but excluding cross-over trials. Cross-over trials are
inappropriate for studies with caries as an outcome due to the
potential for a carry-over eIect.

Types of participants

Inclusion criteria: children and adults.

Exclusion criteria: studies in which the majority of participants
were undergoing fixed or removable orthodontic treatment; the
intervention was provided for less than one year; or participants
were selected on the basis of having underlying health conditions.

Types of interventions

We compared xylitol-containing products with placebo or no
intervention (which includes routine care). We also included
trials comparing one xylitol-containing product with another. The
interventions had to be provided for at least 1 year.

Comparators considered appropriate were non-cariogenic
placebos without claims of active anti-caries properties, or
no intervention. For example, sorbitol is hypo-acidogenic and
generally considered non-cariogenic, but not anti-cariogenic (Hogg
1991; Birkhed 1984). Whereas it has been suggested that erythritol
possesses similar anti-caries properties to xylitol (Mäkinen 2005;
Mäkinen 2011). Known cariogenic sweeteners (sucrose, glucose
and fructose), were considered to be inappropriate comparators.

Types of outcome measures

Primary outcomes

• Change in dental caries increment (dental caries is defined
as clinical or radiographic lesions or both recorded at the
dentine level), determined by change from baseline in the
following: decayed-filled teeth/surfaces (DFT/DFS) or decayed-
missing-filled teeth/surfaces (DMFT/DMFS) for permanent teeth;
or dmfs/d(e)fs and dmM/d(e)M for deciduous teeth (where the 'e'
indicates an extracted tooth). Data on permanent and deciduous
teeth were to be analysed separately. The summary statistics for
the indices were those for all permanent and deciduous teeth
erupted at the start and erupting over the course of the study.

• Number of participants with and without dental caries
increment.

Secondary outcomes

• Quality of life (QOL)

• Patient satisfaction

• Cost (including use of health service resources, such as visits to
dental care units, length of dental treatment time)

• Adverse eIects (e.g. gastrointestinal complaints, discolouration
of teeth, pain and discomfort)

Search methods for identification of studies

For the identification of studies to be included or considered for this
review, we developed detailed search strategies for each database
searched.  These were based on the search strategy developed
for MEDLINE (Appendix 3) but revised appropriately for each
database to take account of diIerences in controlled vocabulary
and syntax rules. The subject search used a combination of
controlled vocabulary and free text terms.

The search strategy combined the subject search with the Cochrane
Highly Sensitive Search Strategy (CHSSS) for identifying reports
of randomised controlled trials (2008 revision;as published in
box 6.4.c in theCochrane Handbook for Systematic Reviews of
Interventions, version 5.1.0, updated March 2011) (Higgins 2011).

Language

We did not place any restrictions on language or date of publication
when searching the electronic databases.
Any non-English papers identified were translated and assessed for
eligibility.

Xylitol-containing products for preventing dental caries in children and adults (Review)
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Electronic searches

We searched the following electronic databases:

• the Cochrane Oral Health Group's Trials Register (to 14 August
2014) (see Appendix 1);

• the Cochrane Central Register of Controlled Trials (CENTRAL)
(The Cochrane Library, 2014, Issue 7) (see Appendix 2);

• MEDLINE via OVID (1946 to 14 August 2014) (see Appendix 3);

• EMBASE via OVID (1980 to 14 August 2014) (see Appendix 4);

• CINAHL via EBSCOhost (1980 to 14 August 2014) (see Appendix
5);

• Web of Science Conference Proceedings (1990 to 14 August 2014)
(see Appendix 6);

• ProQuest Dissertations and Theses (1861 to 14 August 2014) (see
Appendix 7).

Searching other resources

Handsearching

Only the results of handsearching done as part of the Cochrane
Worldwide Handsearching Programme and uploaded to CENTRAL
were included. See the Cochrane Masterlist for details of the journal
issues searched to date.

Unpublished studies

We searched the following databases for ongoing trials:

• US National Institutes of Health Trials Register (http://
clinicaltrials.gov) (to 14 August 2014) (see Appendix 8);

• The WHO Clinical Trials Registry Platform (http://apps.who.int/
trialsearch/default.aspx) (to 14 August 2014) (see Appendix 9).

To identify possible unpublished or ongoing studies, we contacted
experts and organisations known in this field.

We examined the reference lists of included clinical trials were
to help identify additional studies not identified by the electronic
searches.

Data collection and analysis

Selection of studies

Two review authors independently assessed the abstracts of
retrieved studies. We obtained full text copies of studies deemed to
be relevant, potentially relevant or for which there was insuIicient
information in the title and abstract to make a clear decision. Two
review authors independently assessed the full text papers and any
disagreements on the eligibility of studies were resolved through
discussion and consensus. If necessary, a third review author was
consulted.

We excluded any studies not fulfilling the inclusion criteria and the
reasons for exclusion are noted in the Characteristics of excluded
studies table.

Data extraction and management

As highlighted in a previous Cochrane review (Marinho 2013),
dental caries increment can be reported diIerently in diIerent
trials. We adopted the set of a priori rules developed by the authors
of that review to choose the primary outcome data for analysis from
each study: data on surface level were chosen over data on tooth

level, decayed-filled tooth surfaces (DFS) data were to be chosen
over decayed-missing-filled tooth surfaces (DMFS) data; data for
'all surface types combined' were chosen over data for 'specific
types' only; data for 'all erupted and erupting teeth combined'
were chosen over data for 'erupted' only, and these over data for
'erupting' only; data from 'clinical and radiological examinations
combined' were chosen over data from 'clinical' only, and these
over 'radiological' only; data for dentinal or cavitated caries lesions
were chosen over data for enamel or non-cavitated lesions; net
caries increment data was chosen over crude (observed) increment
data; and follow-up nearest to three years (oMen the one at the
end of the treatment period) was chosen over all other lengths
of follow-up, unless otherwise stated. When no specification was
provided with regard to the methods of examination adopted,
diagnostic thresholds used, groups of teeth and types of tooth
eruption recorded, and approaches for reversals adopted, the
primary choices described above were assumed.

Study details and outcomes data were collected independently
and in duplicate by two review authors using a predetermined
form designed for this purpose. We entered study details into
Characteristics of included studies tables and outcome data into
additional tables or forest plots in Review Manager (RevMan)
(RevMan 2014). We discussed any disagreements and, if necessary,
we consulted a third review author to resolve any inconsistencies.

We extracted the following details.

1. Trial methods: (a) method of allocation; (b) masking of
participants and outcomes; (c) exclusion of participants aMer
randomisation and proportion of losses at follow-up.

2. Setting and when the trial was conducted.

3. Participants: (a) country of origin; (b) sample size; (c) age;
(d) gender; (e) inclusion and exclusion criteria (symptoms and
duration, information on diagnosis verification).

4. Intervention and control: type and procedural information.

5. Outcomes: primary and secondary outcomes are outlined in the
Types of outcome measures section of the review. We reported
the longest term data available.

If stated, the sources of funding of any of the included studies were
recorded.

This information was utilised to assess the clinical diversity and
generalisability of any included trials.

Assessment of risk of bias in included studies

Two review authors independently assessed the risk of bias
of the included studies using a simple contingency form
following the domain-based evaluation described in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
We subsequently compared and discussed our independent
evaluations, and resolved any disagreements through discussion.
If necessary, we consulted a third review author to resolve any
disagreements.

We assessed the following domains:

1. sequence generation (selection bias);

2. allocation concealment (selection bias);

3. blinding of participants and personnel (performance bias);

4. blinding of outcome assessors (detection bias);

Xylitol-containing products for preventing dental caries in children and adults (Review)
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5. incomplete outcome data (attrition bias);

6. selective outcome reporting (reporting bias);

7. other bias.

We reported the assessments for each included study in the
corresponding sections of the risk of bias tables.

We also categorised the overall risk of bias of individual studies.
Individual studies were categorised as being at: low, high or unclear
risk of bias according to the following:

• low risk of bias (plausible bias unlikely to seriously alter the
results) if all domains were at low risk of bias;

• unclear risk of bias (plausible bias that raises some doubt about
the results) if one or more domains had an unclear risk of bias; or

• high risk of bias (plausible bias that seriously weakens
confidence in the results) if one or more domains were at high
risk of bias.

Measures of treatment eBect

The following section has been taken from the Cochrane review on
fluoride varnishes as it was considered appropriate for this review
(Marinho 2013).

Dental caries outcomes

The chosen measure of treatment eIect was the prevented
fraction (PF), which is the mean increment in the controls minus
the mean increment in the treated group divided by the mean
increment in the controls. For an outcome such as dental caries
increment (where discrete counts are considered to approximate to
a continuous scale and are treated as a continuous outcome) this
measure is considered more appropriate than the mean diIerence
or standardised mean diIerence since it allows combination
of diIerent ways of measuring dental caries increment and a
meaningful investigation of heterogeneity between trials. It is also
simple to interpret.

Other outcomes

For dichotomous outcomes (for example, with/without caries
increment), the estimate of eIect of an intervention was expressed
as a risk ratio (RR) together with 95% confidence interval (CI). For
continuous outcomes, means and standard deviations were used
to summarise the data for each group using mean diIerences and
95% CIs.

Unit of analysis issues

We used mean dental caries increments which were calculated
for each patient. We included cluster randomised trials and used
the methods outlined in section 16.3.4 of the Cochrane Handbook
for Systematic Reviews of Interventions to take the clustering into
account if the published report did not do so. This involves using
an intra-class correlation coeIicient (ICC) of 0.05 (this was the
value used in a similar Cochrane review of fluoride varnishes for
preventing caries (Marinho 2013)) to estimate the design eIect.
This was then used to adjust the sample size of the control and
intervention groups (and also the number of events in the case of
dichotomous data).

Dealing with missing data

We contacted trial authors to retrieve missing data when necessary/
feasible. If an agreement could not be reached then data was
excluded until clarification was available. For missing standard
deviations relating to caries increments we intended to use the
approach adopted in the topical fluoride reviews (Marinho 2013):
these were to be imputed through linear regression of log standard
deviations on log mean caries increments where appropriate. This
is a suitable approach for dental caries prevention studies since,
as they follow an approximate Poisson distribution, dental caries
increments are closely related (similar) to their standard deviations
(van Rijkom 1998). Otherwise, methods in section 7.7.3 of the
Cochrane Handbook for Systematic Reviews of Interventions were
used to estimate missing standard deviations (Higgins 2011).

Assessment of heterogeneity

If a suIicient number of studies were included in any meta-
analyses, clinical heterogeneity would have been assessed by
examining the characteristics of the studies, and the similarity
between the types of participants, the interventions and the
outcomes as specified in the criteria for included studies. Statistical
heterogeneity was assessed using a Chi2 test and quantified using
the I2 statistic, where I2 values over 50% indicated moderate to
high heterogeneity (Higgins 2003). Heterogeneity was considered
statistically significant if the P value was less than 0.10 for the Chi2
test.

Assessment of reporting biases

If a suIicient number of studies were included in any meta-
analyses, publication bias was to be assessed according to the
recommendations on testing for funnel plot asymmetry (Egger
1997) as described in section 10.4.3.1 of the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011). If asymmetry
was identified, other possible causes would have been assessed.

Data synthesis

Meta-analysis was conducted only if there were studies of similar
comparisons reporting the same outcome measures.

Dental caries increments

The meta-analysis was conducted using inverse variance weighted
averages. Variances were estimated using the formula presented in
Dubey 1965, which is more suitable for use in a weighted average
and should provide a reasonable approximation for large sample
sizes. A fixed-eIect model was used as there were less than four
studies in the meta-analysis. Random-eIects models were to be
used if there were four or more studies in a meta-analysis.

Other outcomes

Risk ratios were to be combined for dichotomous data, and mean
diIerences for continuous data, using random-eIects models if
there were at least four studies in a meta-analysis;fixed-eIect
models would have been used if there were less than four studies.

Subgroup analysis and investigation of heterogeneity

The following subgroup analyses were planned for the dental caries
increments.

• Preparation type (toothpastes, mouthrinses, chewing gum, etc)

Xylitol-containing products for preventing dental caries in children and adults (Review)
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• Age

• Doses and concentration of preparations

• Deciduous and permanent teeth

Sensitivity analysis

If a suIicient number of studies were included in any meta-
analyses, sensitivity analyses would have been undertaken to
assess the robustness of the results by excluding studies with an
unclear or high risk of overall bias.

Presentation of main results

We aimed to develop a summary of findings table for each
comparison and for the main outcomes of this review following
GRADE methods (GRADE 2004), and using GRADEPro soMware. The
quality of the body of evidence was assessed with reference to
the overall risk of bias of the included studies, the directness of
the evidence, the inconsistency of the results, the precision of the

estimates, and the risk of publication bias.  We categorised the
quality of the body of evidence for each of the main outcomes for
each comparison as high, moderate, low or very low.

R E S U L T S

Description of studies

Results of the search

The electronic searches retrieved 1716 references to studies. AMer
removing duplicates, this figure was reduced to 915. We examined
the titles and abstracts of these references and discarded all but 25
with no further assessment. We obtained full-text copies of these
25 potentially relevant studies and we excluded 8 of them at this
stage (12 references). Ten studies (13 references) met the inclusion
criteria for this review. We present this process as a flow chart in
Figure 1.

 

Xylitol-containing products for preventing dental caries in children and adults (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

10



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 1.   Study flow diagram.
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Included studies

Ten studies met the inclusion criteria and were included in this
review (see Characteristics of included studies tables).

Characteristics of the trial designs and settings

Eight studies were of parallel design, with the remaining two
studies using the cluster-randomised design (Honkala 2014;
Lenkkeri 2012). Of the eight parallel studies, three were multicentre
(Bader 2013; Sintes 1995; Sintes 2002), three were conducted at
single centres (Oscarson 2006; Petersson 1991; Zhan 2012), and
two were unclear in this regard (Milgrom 2009; Taipale 2013). The
studies were conducted in the USA (Bader 2013; Zhan 2012), Finland
(Lenkkeri 2012; Taipale 2013), Sweden (Oscarson 2006; Petersson
1991), Costa Rica (Sintes 1995; Sintes 2002), Estonia (Honkala 2014),
and the Republic of the Marshall Islands (Milgrom 2009). Four
studies were carried out in a dental clinical setting (Bader 2013;
Oscarson 2006; Petersson 1991; Zhan 2012), two studies in a school
setting (Sintes 1995; Sintes 2002), and two studies were carried out
in a combination of schools (where the intervention was given) and
dental clinics (where the clinical examinations took place) (Honkala
2014; Lenkkeri 2012). The remaining two studies were carried out in
a community setting (Milgrom 2009) and a healthcare centre setting
(Taipale 2013).

Eight studies performed sample size calculations (Bader 2013;
Honkala 2014; Lenkkeri 2012; Milgrom 2009; Petersson 1991; Sintes
1995; Taipale 2013; Zhan 2012). However, in two of these studies,
the calculation was based on an outcome which was not of interest
in this review (Taipale 2013; Zhan 2012). One study only carried out
a post-investigation sample size analysis (Oscarson 2006), and the
remaining study did not mention sample size calculations (Sintes
2002).

Two studies only stated that they had received non-industry
funding (Bader 2013; Oscarson 2006). Three studies stated that
they received non-industry funding but that industry supplied
the interventions (Milgrom 2009; Taipale 2013; Zhan 2012). Four
studies were clearly industry funded, in other words industry
provided economical support (Honkala 2014; Petersson 1991;
Sintes 1995; Sintes 2002). The remaining study only stated that
industry provided the interventions (Lenkkeri 2012).

Characteristics of the participants

There were 7969 participants randomised to interventions
(including only the intervention groups relevant to this review),
of which 5903 were included in the studies' analyses. One study
investigated the eIects of xylitol in adults (Bader 2013), whilst
the remaining studies only included children. Five of these studies
included children ranging from 8 to 13 years of age (Honkala 2014;
Lenkkeri 2012; Petersson 1991; Sintes 1995; Sintes 2002), with the
remaining four studies including younger children ranging from 1
month to 3 years of age (Milgrom 2009; Oscarson 2006; Taipale
2013; Zhan 2012). Approximately two thirds of the participants were
females in the study on adults (Bader 2013), whilst the other studies
all had roughly equal proportions of males and females.

Characteristics of the interventions and comparisons

Four studies involved the use of xylitol products (defined as
lozenges, sucking tablets and candies) which were to be sucked
(Bader 2013; Honkala 2014; Lenkkeri 2012; Oscarson 2006).
A further study also involved xylitol tablets, but they were

administered using a slow-release pacifier/dummy, or crushed on
a spoon if the child would not accept a pacifier (Taipale 2013).
Three studies investigated xylitol-containing fluoride toothpastes
(Petersson 1991; Sintes 1995; Sintes 2002). One study tested a xylitol
syrup (Milgrom 2009), whilst the remaining study tested xylitol
wipes (Zhan 2012).

The dosage of xylitol ranged from 200 to 600 mg per day to
8 g per day. The total daily dosage was unclear in the three
toothpaste studies, as it was reported as a percentage of xylitol,
at 3% (Petersson 1991), or 10% (Sintes 1995; Sintes 2002). Of the
four studies including younger children (baseline mean age ranging
from 1 month to 2 years), two used very low daily doses of 200 to 600
mg (Taipale 2013), and 1 g (Oscarson 2006), whilst two used higher
daily doses of 4.2 g (Zhan 2012), and 8 g (Milgrom 2009). In two
studies with older children (baseline mean age ranging from 8 to 10
years), the daily dose was 7.5 g (Honkala 2014), and 4.7 g (Lenkkeri
2012), and in the adult study, the dose was 5 g per day (Bader
2013). The duration of the intervention ranged from 1 to 3 years. In
three studies, the final follow-up occurred aMer the participants had
ceased to receive the intervention: 1.5 years of intervention with
follow-up at 2 years (Oscarson 2006), and 2 years of intervention
with follow-up at 4 years (Lenkkeri 2012; Taipale 2013).

Xylitol products, with their sweet flavour, cause extra saliva to
be produced, especially with lozenges/candies/sucking tablets
that are sucked over a period of time. Therefore it is diIicult to
distinguish how much of any eIect is due to the xylitol or the
extra saliva that is produced. Thus it would be desirable for studies
to have both a control arm using a placebo product and a no
treatment control arm. Sorbitol is frequently used as a placebo in
xylitol studies as it is neither considered to cause or prevent caries
We did not consider any products which are thought to prevent
caries (e.g. erythritol) or those which are known to cause caries (e.g.
sucrose) as appropriate placebos. Two studies used no treatment in
the control arm (Lenkkeri 2012; Oscarson 2006). Two studies used
sorbitol which we treated as a placebo control arm (Honkala 2014;
Taipale 2013). Two studies stated that they used a placebo, one
of which used sucralose as the sweetening agent in the lozenges
(Bader 2013), whilst the other used wipes containing no xylitol
(Zhan 2012). The three toothpaste studies used entirely appropriate
placebos, in that all participants either used a toothpaste with
or without xylitol (Petersson 1991; Sintes 1995; Sintes 2002). The
remaining study used a lower dose of xylitol for the control group,
which was demanded by the internal review committee of the
Secretary of Health, but the authors cited evidence that the lower
dose (2.67 g per day) would not have an eIect on caries incidence
(Milgrom 2009).

Characteristics of the outcomes

All ten studies assessed the eIects of xylitol products on caries,
which was our primary outcome. Five studies reported continuous
data in the form of caries increment: three reporting decayed
filled surfaces (DFS) (Bader 2013; Sintes 1995; Sintes 2002),
and two reporting decayed missing filled surfaces on deciduous
teeth (dmfs) (Oscarson 2006), and permanent teeth (DMFS)
(Lenkkeri 2012). The latter two studies also reported caries as a
dichotomous outcome, in other words whether or not there was
an increment (change in caries). Two studies only reported caries
as a dichotomous outcome (dmfs increment: yes/no) (Taipale
2013; Zhan 2012). The remaining three studies reported the mean
number of decayed primary teeth (Milgrom 2009), the mean
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number of DFS (Petersson 1991), and the mean number of dmfs
(Honkala 2014). One of those studies did not report measures
of variance (e.g. standard deviation), which would preclude its
inclusion in any meta-analysis (Petersson 1991). Another study
combined deciduous and permanent teeth, which we considered
inappropriate (Honkala 2014). If the authors had presented the
results as the mean incremental change, the results would show a
large reduction in caries.

Thresholds for diagnosis of caries varied between the studies,
with diIerent scoring systems used. Two studies defined caries to
include non-cavitated enamel lesions (Taipale 2013; Zhan 2012).
Four studies defined caries as a visible breakdown in the enamel
wall (Bader 2013; Oscarson 2006; Sintes 1995; Sintes 2002). One
study reported enamel and dentine caries separately (Honkala
2014), and one study reported only dentine caries (Lenkkeri 2012).
One study defined caries as cavitated lesions, but did not specify if
this included enamel or dentine (Milgrom 2009), and one reported
combined "initial and gross caries," but it is unclear how this relates
to either enamel or dentine lesions (Petersson 1991).

Three studies did not mention adverse/side eIects (Oscarson
2006; Petersson 1991; Taipale 2013). Of the seven studies that did
mention adverse eIects, two did not present the data in a usable
format (Lenkkeri 2012; Milgrom 2009), one reported raw data on a
publicly accessible website (Bader 2013), and the remaining four
just stated that there were none observed or reported (Honkala
2014; Sintes 1995; Sintes 2002; Zhan 2012). Adverse eIects include
sores in the mouth, cramps, bloating, constipation, flatulence, and
loose stool or diarrhoea.

No other secondary outcomes of this review were reported.

Excluded studies

We excluded eight studies from this review (see Characteristics
of excluded studies tables). Of four excluded cluster-randomised
studies, two were excluded because some of the clusters were
selectively allocated rather than randomly allocated (Alanen
2000b; Kandelman 1990), and two were excluded because there
were not enough clusters per treatment arm, which we considered
an inappropriate design (Chi 2014; Machiulskiene 2001). Three
studies had no appropriate control group: one used sucrose which
causes caries (Scheinin 1975), one compared xylitol used for two
years with xylitol used for three years against fissure sealants
(Alanen 2000), and one used an extra toothbrushing aMer lunch with
fluoride toothpaste (Kovari 2003). The remaining study appeared
to be eligible from the trials record on ClinicalTrials.gov, but when
the author kindly provided us with a prepublication copy, it became
clear that the intervention was not given for a minimum of one year
(Lee 2014).

Risk of bias in included studies

Allocation

Six studies gave adequate descriptions of both the method of
random sequence generation and of allocation concealment, so
we rated them as having a low risk of bias for both domains
and therefore overall for selection bias (Bader 2013; Honkala
2014; Lenkkeri 2012; Milgrom 2009; Taipale 2013; Zhan 2012). The
remaining four studies did not describe the methods used for
random sequence generation or for allocation concealment, so we
rated them as having an unclear risk of bias for both domains and

overall for selection bias (Oscarson 2006; Petersson 1991; Sintes
1995; Sintes 2002).

Blinding

Blinding of participants and personnel (performance bias)

Two studies used no treatment for the control group and therefore
it was not possible to blind the participants or personnel (Lenkkeri
2012; Oscarson 2006). Whilst this could not impact upon the
outcome assessment (which was blinded in all cases and caries
outcomes were not assessed by the participants), we could not
rule out that there might have been an eIect on behaviour of
the participants or their carers or both, which could potentially
aIect the outcome. We assessed these two studies as having
an unclear risk of bias. The remaining eight studies were all
adequately blinded through the use of active controls which were
unidentifiably diIerent, and we assessed them as having a low risk
of bias.

Blinding of outcome assessment (detection bias)

All 10 studies involved blinded outcome assessment and we rated
them as having a low risk of bias.

Incomplete outcome data

We assessed four studies as being at low risk of bias for this domain
because attrition was low and was roughly equal between groups,
with similar reasons (Bader 2013; Lenkkeri 2012; Milgrom 2009;
Petersson 1991). We assessed one study as having an unclear risk
of bias for this domain because, although all participants were
included in the analysis on an intention-to-treat basis, this involved
the use of imputation rules and the attrition was appreciably higher
in one group (Zhan 2012). The remaining five studies were assessed
as having a high risk of bias because either the attrition was
appreciably higher in one group (Oscarson 2006), or there was a
very high overall rate of attrition which we felt may have led to a
distortion of the eIect estimate (Honkala 2014; Sintes 1995; Sintes
2002; Taipale 2013). We appreciate that cut-oI points for attrition
decisions may be considered to be subjective and therefore we
acknowledge that readers of the review may wish to interpret the
risk of bias for this domain diIerently.

Selective reporting

We assessed four studies as being at low risk of bias for this domain
because they either presented outcomes in the study report in a
way amenable to meta-analysis (Sintes 1995; Sintes 2002; Zhan
2012), or on a publicly accessible website (Bader 2013). The authors
of the latter study also kindly provided us with the exact data we
requested. We rated two studies as having a high risk of bias for
the reason that we were unable to use the data for the primary
outcome of caries in a meta-analysis (Honkala 2014; Petersson
1991). We rated the remaining four studies as having an unclear risk
of bias because we would expect studies of xylitol products to fully
assess adverse/side eIects, but they either did not mention them
(Oscarson 2006; Taipale 2013), or they mentioned them but did not
provide data that could be used in a meta-analysis (Lenkkeri 2012;
Milgrom 2009).

Other potential sources of bias

Eight studies were considered to be free of any other potential
sources of biases and we rated them as having a low risk of bias.
We rated the remaining two studies as having a high risk of bias
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because of confounding, in that they did not use a placebo, and
therefore we could not exclude the possibility that some of the
eIects would be due to salivary stimulation as a result of sucking
the products (Lenkkeri 2012; Oscarson 2006).

Overall risk of bias

• One study was at low overall risk of bias (Bader 2013).

• Two studies were at unclear overall risk of bias (Milgrom 2009;
Zhan 2012).

• Seven studies were at high overall risk of bias (Honkala 2014;
Lenkkeri 2012; Oscarson 2006; Petersson 1991; Sintes 1995;
Sintes 2002; Taipale 2013).

We present the results of the risk of bias assessments graphically in
Figure 2.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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EBects of interventions

See: Summary of findings for the main comparison Xylitol
toothpaste versus control toothpaste for preventing dental caries

Adults

Xylitol lozenges versus control lozenges

One study, at low risk of bias and analysing 669 participants,
compared xylitol (5 g per day) lozenges with control lozenges
over 33 months (Bader 2013). There was no diIerence in caries
increment for DFS (mean diIerence (MD) -0.64, 95% confidence
interval (CI) -1.58 to 0.30, P value = 0.18) (Analysis 1.1). This
translates to a non-significant prevented fraction (PF) of 8% in
favour of the xylitol group (Table 1).

Patterns of adverse eIects (sores in the mouth, cramps, bloating,
constipation, flatulence, and loose stool or diarrhoea) were similar
for both groups.

Children

Xylitol candy versus control (sorbitol) candy

One study, at high risk of bias and analysing 252 children, compared
xylitol (7.5 g per day) candy with control (sorbitol) candy over
36 months (Honkala 2014). We were unable to use the data in
our analyses as the authors combined the primary/deciduous
and permanent teeth and reported the mean number of decayed
missing filled surfaces. We would require them to report the mean
increment and standard deviation for either primary or permanent
teeth in order to use the data in a meta-analysis.

The authors reported that there were no adverse eIects for either
group.

Xylitol lozenges versus no treatment

One study, at high risk of bias and analysing 200 children, compared
xylitol (4.7 g per day) lozenges with no treatment over 24 months,
with 48 month follow-up (Lenkkeri 2012). There was no diIerence
in caries increment for DMFS(MD 0.28, 95% CI -0.99 to 1.55, P value
= 0.67) (Analysis 2.1). This translates to a non-significant PF of 10%
in favour of the no treatment group (Table 1). There was also no
diIerence in the number of children with a caries increment, in
other words those with caries occurring between baseline and final
follow-up (risk ratio (RR) 1.02, 95% CI 0.83 to 1.26, P value = 0.85)
(Analysis 2.2).

There were no usable data presented for adverse eIects.

Xylitol syrup versus control (low-dose xylitol) syrup

One study, with an unclear risk of bias and analysing 94 infants,
compared xylitol (8 g per day) syrup with low-dose xylitol (2.67 g
per day) syrup over 12 months (Milgrom 2009). The higher dose of
xylitol syrup resulted in a statistically significant reduction in the
mean number of decayed primary teeth (MD -1.10, 95% CI -2.03 to
-0.18, P value = 0.02) (Analysis 3.1). Using PF, this translates to a 58%
reduction in caries (Table 1).

Adverse eIects were not reported in a usable format but the
reported rates of loose stools and diarrhoea were very similar.
There were no serious adverse eIects experienced during the study.

Xylitol sucking tablets versus no treatment

One study, at high risk of bias and analysing 118 infants, compared
xylitol (1 g per day) sucking tablets with no treatment over 18
months, with a 24 month follow-up (Oscarson 2006). There was
no diIerence in caries increment for dmfs (MD -0.42, 95% CI -1.12
to 0.28, P value = 0.24) (Analysis 4.1), although when this was
converted into PF it was marginally statistically significant, and
equated to a 53% reduction in caries in favour of the xylitol group
(Table 1). There was also no diIerence in the number of infants with
a caries increment (RR 0.72, 95% CI 0.35 to 1.45, P value = 0.35)
(Analysis 4.2).

No other outcomes were considered in this study.

Xylitol toothpaste versus control toothpaste

Three studies, all at high risk of bias, compared fluoride toothpastes
containing xylitol with fluoride-only toothpastes over 30 to 36
months (Petersson 1991; Sintes 1995; Sintes 2002). One of the
studies, analysing 248 children, compared low-fluoride plus 3%
xylitol (daily dosage unclear) with low-fluoride, and normal-level
fluoride plus 3% xylitol with normal-level fluoride (Petersson 1991).
The authors did not report data in a usable format, but found no
diIerence in the number of DFS between any group. The study did
not consider any other outcomes.

We were able to pool the data from the other two studies in a meta-
analysis, which revealed that fluoride toothpaste containing 10%
xylitol (daily dosage unclear) resulted in a 13% reduction in caries
increment for DFS (PF -0.13, 95% CI -0.18 to -0.08, P value < 0.00001,
4216 children analysed) (Analysis 5.1; Analysis 5.2).

Both studies reported that there were no adverse eIects in either
group.

Xylitol tablet versus control (sorbitol) tablet

One study, at high risk of bias and analysing 62 infants, compared
xylitol (200 to 600 mg per day) tablets administered via a slow-
release pacifier/dummy or crushed up on a spoon with control
(sorbitol) tablets administered in the same way over 24 months,
with a 48 month follow-up (Taipale 2013). There was no diIerence
in the number of infants with a caries increment for dmfs (RR 3.08,
95% CI 0.69 to 13.65, P value = 0.14) (Analysis 6.1).

No other outcomes were considered in this study.

Xylitol wipes versus control wipes

One study, at unclear risk of bias and analysing 44 infants,
compared xylitol (4.2 g per day) wipes with control wipes over 12
months (Zhan 2012). There was no diIerence in the number of
infants with a caries increment for dmfs (RR 0.14, 95% CI 0.02 to
1.07, P value = 0.06) (Analysis 7.1).

The authors reported that there were no adverse eIects for either
group.

D I S C U S S I O N

Summary of main results

We included 10 studies which met the inclusion criteria for this
review. For each comparison and outcome considered in the
review, we assessed the quality of the body of evidence using the
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GRADE method, which takes into account the risk of bias of the
included studies, the directness of the evidence, the consistency
of the results (heterogeneity), the precision of the eIect estimates,
and the risk of publication bias (GRADE 2004). We only present a
'Summary of findings' table where we were able to perform a meta-
analysis. This was only possible for xylitol toothpastes, and our
assessment is provided in the Summary of findings for the main
comparison.

There is low quality evidence that fluoride toothpastes containing
xylitol may reduce caries in children when compared to fluoride-
only toothpastes. There is also a very small body of low quality
evidence, consisting of one small study, that a high dose of xylitol
syrup reduces caries in infants when compared to a low dose. We
considered the evidence on xylitol syrups insuIicient to make any
conclusions.

There was insuIicient evidence, from single studies (mostly with
small sample sizes), to determine a diIerence in caries between
the following groups, and thus the uncertainty associated with the
eIect estimates resulted in them being compatible with both a
reduction and an increase in caries associated with xylitol.

• Xylitol lozenges versus control lozenges in adults (low quality
body of evidence)

• Xylitol lozenges versus no treatment in children (very low quality
body of evidence).

• Xylitol sucking tablets versus no treatment in infants (very low
quality body of evidence).

• Xylitol tablets versus control (sorbitol) tablets in infants (very low
quality body of evidence).

• Xylitol wipes versus control wipes in infants (low quality body of
evidence).

We did not rate the body of evidence for xylitol candy versus control
(sorbitol) candy because we did not agree with the combining of
caries scores for primary and permanent teeth.

Four studies reported that there were no adverse eIects from
any of the interventions. Two studies reported similar rates of
adverse eIects between study arms. The remaining studies either
mentioned adverse eIects but did not report any usable data, or
did not mention them at all. Adverse eIects include sores in the
mouth, cramps, bloating, constipation, flatulence, and loose stool
or diarrhoea.

Overall completeness and applicability of evidence

There is limited available evidence on the eIects of xylitol products.
It was surprising that there were no eligible randomised trials
testing xylitol chewing gums against either no treatment or a non-
cariogenic control. We were only able to pool two studies in a
meta-analysis (both of toothpastes with and without xylitol) and
these two studies were carried out by the same researchers in the
same study population (school children in the same area of Costa
Rica). Therefore the results may not have much external validity.
Interestingly, the children were instructed to rinse thoroughly
with water aMer brushing, a practice which is not generally
recommended for toothbrushing, and which would reduce the
eIects of both the fluoride and the xylitol (DBOH 2014).

The rest of the included studies involved diIerent xylitol products,
comparators, and outcomes, and therefore none were similar

enough to combine their results in a meta-analysis. It was
disappointing that no studies have been replicated in diIerent
populations and settings in order to allow more robust conclusions
to be made. Furthermore, there is little evidence from eligible
randomised controlled trials of the eIects of xylitol in adults.

Sugar-free gums, sweets, mints and other products are well known
for their gastrointestinal side eIects (e.g. bloating/wind, diarrhoea,
etc) and therefore we would expect all studies to report this as
an outcome, and in a usable format for meta-analysis (i.e. by
group/intervention and at the participant level, rather than double-
counting people who may have experienced several adverse
events). Unfortunately, reporting of adverse eIects was generally
poor and we did not obtain much usable data.

The dosage of xylitol in the included studies varied from 200 to 600
mg per day to 8 g per day, or 3% to 10% in the toothpaste studies.
It has been suggested in the xylitol literature that there may be a
daily dose "threshold" of 5 to 6 g per day, divided between three
or more daily doses, below which xylitol is not eIective against
S. Mutans and therefore would be unlikely to reduce caries levels
(Fontana 2012; Milgrom 2006; Söderling 2009b). There were three
studies included in this review that administered daily doses of 5
g or more (Bader 2013; Honkala 2014; Milgrom 2009). Only one of
these studies was among the three studies that showed a positive
preventive eIect (Milgrom 2009; Sintes 1995; Sintes 2002). The dose
in the Milgrom 2009 syrup study was indeed the highest of the
reviewed studies, at 8 g per day. The toothpaste studies both used
10% xylitol (Sintes 1995; Sintes 2002), but it is unclear what this
would equate to as a daily dose, as it would depend on the amount
of toothpaste used.

Considering the three possible ways in which xylitol may reduce
caries (substitution of cariogenic free sugars, saliva stimulation,
and a possible active anti-caries eIect), it was surprising to see
trials that did not include a placebo arm (Oscarson 2006; Lenkkeri
2012). Without a placebo arm, it is impossible to conclude that there
are any specific anti-caries eIects of xylitol over and above sugar
substitution and saliva stimulation. Whilst there is value in sugar
substitution and saliva stimulation compared to no treatment as a
public health measure; this is not what the studies are investigating
when they discuss specific anti-caries eIects, and eIective dosages
of one sugar alcohol over another.

Quality of the evidence

The body of evidence that we identified does not allow for
any robust conclusions about the eIects of xylitol to be made.
Although we included 10 studies, which analysed a total of 5903
participants, the majority of the participants (4216) were included
in the two meta-analysed toothpaste studies, with the remainder
falling into several single-study comparisons which provided no
clear evidence. One study was assessed as being at low risk of bias,
two had an unclear risk of bias, and seven were assessed as being
at high risk of bias. When such risk of bias issues were considered
alongside the fact that the studies in each comparison/outcome
were either single small studies (leading to serious imprecision) or
had 95% confidence intervals including both an eIect favouring
the intervention and the control (or both of these issues), this
resulted in us rating the evidence as low to very low quality. These
GRADE ratings can be interpreted as meaning that there is a lack
of confidence in the eIect estimates and further research is highly
likely to change the estimates, and our confidence in them. The

Xylitol-containing products for preventing dental caries in children and adults (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

17



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

body of evidence on xylitol-containing fluoride toothpaste did not
have the problem of imprecision due to large sample sizes, but
instead was aIected by high risk of bias and being conducted by the
same authors in the same population/setting.

Potential biases in the review process

Searching of multiple databases, with no language or date
restrictions, was intended to limit bias by including all relevant
studies. Some studies did not have usable data, and this introduces
bias into the review as it distorts our overall view of the eIects
of xylitol. Our subjective assessments of what constitutes a high
attrition rate could also be interpreted by some readers as bias.
However, we have presented all the information, rationale, and our
assessments, with the intention of transparency and to allow the
reader to reach a diIerent interpretation.

Agreements and disagreements with other studies or
reviews

Several recent reviews have considered the caries-preventive eIect
of xylitol. Their inclusion criteria diIer from the inclusion criteria
of this review in that they all included non randomised controlled
clinical trials. However, only one out of four concluded any benefit
from xylitol.

The most positive systematic review compared xylitol containing
gums to no gum (Deshpande 2008). The authors carried out a meta-
analysis of six studies and found a PF of 58.66% (95% confidence
interval 35.42 to 81.90). Four of these studies were not randomly
allocated, and the two studies that were randomised trials were
excluded from this review due to inappropriate randomisation
procedures (Alanen 2000b; Machiulskiene 2001). The authors
concluded that "research evidence supports the use of polyol-
containing gum as part of a normal oral hygiene routine to prevent
dental caries."

A non-systematic literature review of sugar alcohols (van Loveren
2004) found there to be "no evidence for a caries-therapeutic eIect"
from xylitol, and that any caries-preventive eIects were probably
due to saliva stimulation. None of the studies were eligible for
inclusion in this review as they were either not randomised trials,
or compared used known cariogenic sweeteners as the comparator
(e.g. sucrose (Scheinin 1975)).

A systematic review concerning the preventive eIects of xylitol
candies and lozenges included three studies, two of which showed
a benefit (Antonio 2011). Two were not eligible for inclusion
in our review as the control and intervention groups were not
chosen randomly, and the third was excluded as described above
(Alanen 2000b). The authors concluded that more "well designed
randomized studies" are needed as the three trials did not provide
strong evidence.

A non-systematic literature review of the clinical evidence for polyol
eIicacy (Milgrom 2012) found that "many questions remain on the
eIicacy of polyols," and that higher quality studies are required.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

We found some low quality evidence to suggest that fluoride
toothpaste containing xylitol may be more eIective than fluoride-
only toothpaste for preventing caries in the permanent teeth of
children, and that there are no associated adverse eIects from such
toothpastes. The eIect estimate should be interpreted with caution
due to high risk of bias and the fact that it results from two studies
that were carried out by the same authors in the same population.
The remaining evidence we found is of low to very low quality and
is insuIicient to determine whether any other xylitol-containing
products can prevent caries in infants, older children, or adults.

Implications for research

The fact that we are not able to make any clear conclusions as to the
eIects of xylitol on caries, or any other outcome, demonstrates that
more randomised controlled studies are needed. Future studies
should be planned and carried out according to SPIRIT 2013
guidelines, and reported according to CONSORT 2010 guidelines.
Trial protocols should be registered in order to reduce the risk of
publication bias and duplication of eIort. Studies should also be
led by independent researchers with no influence from industry.

Authors should decide if they are testing a public health
intervention of a sugar-free chewing gum, lozenge or pastille
compared to no intervention, or if they are wishing to make specific
claims about any specific anti-caries eIects attributable to xylitol.
In the latter case, studies require a placebo arm. This is because we
cannot be sure about how much of any reduction in caries is due to
the increased production of saliva or the xylitol product.

We recommend that authors continue to test a range of vehicles
to deliver xylitol, and at a range of doses, to further investigate the
possible importance of a 5 to 6 g per day threshold dose.

Studies should report mean caries increment (using surface rather
than tooth level) for each intervention, along with a measure of
dispersion such as the standard deviation or standard error of the
mean increment. Adverse eIects should also be clearly reported at
the participant level per group.
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Methods Trial design: parallel (2 arms)

Location: clinical centres of university dental schools, USA

Number of centres: 3

Recruitment period: April 2007 to September 2008

Participants Inclusion criteria: aged 21 to 80 years; minimum of one coronal or root surface cavitated caries lesion;
minimum of 12 teeth with exposed coronal or root surfaces; ability to read and understand study mate-
rials in English (the caries criteria were meant to ensure the inclusion of participants with an elevated
risk of experiencing caries)

Exclusion criteria: more than 10 teeth with caries lesions; type IV periodontitis (pocket depths or at-
tachment loss greater than 6 mm); long-term antibiotic use; requiring antibiotic treatment before den-
tal treatment; history of head and neck radiotherapy; history of adverse reaction to either the active
or placebo ingredients; serious illness that would interfere with participation; plans to leave the area
within the following 3 years; no telephone; co-inhabiting with someone already enrolled in the study

Baseline caries: (D2FS) Gp A: mean 18.8 (SD 12.8); Gp B: mean 18.5 (SD 12.5)

Age at baseline (years): Gp A: mean 46.3 (SD 13.5); Gp B: mean 47.7 (SD 13.7)
Gender: Gp A: 62.2% female; Gp B: 67% female

Any other details of important prognostic factors: fluoride exposure (toothpaste and professionally ap-
plied topical fluoride) was similar in both groups; all 3 study areas had fluoridated water

Number randomised: 691 (Gp A: 344; Gp B: 347)
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Number evaluated: 669 (Gp A: 331; Gp B: 338) - numbers including data from all 3 centres (see comment
in risk of bias table below under 'Other bias')

Interventions Comparison: xylitol lozenges versus placebo lozenges

Gp A (n = 344): one peppermint flavoured lozenge (1 g xylitol) dissolved in the mouth five times per day
(total dose = 5 g xylitol per day)

Gp B (n = 347): as above but containing sucralose (considered to be inert, i.e. neither causes nor pre-
vents caries) instead of xylitol

Duration of treatment: 33 months

Outcomes • Caries: cumulative decayed or filled surfaces (D2FS) increment (root and coronal surfaces combined)
from baseline through the three follow-up examinations (expressed as annualised increment). As-
sessed at 12, 24 and 33 months

• Adverse effects

Notes Sample size calculation: "80% power to detect a 20% reduction in the D2FS increment assuming a two-
tailed test with a type I error rate of 5%. The target sample size of 750 allowed a 10% attrition rate per
year"
Adverse effects: "all adverse effects...similar for the two study groups." Data not reported in a usable
format
Funding source: grants from the National Institute of Dental and Craniofacial Research (NIDCR)
Declarations/conflicts of interest: none of the authors reported any disclosures

The information and quotes used in this table and the risk of bias table below are from both the papers
listed under Bader 2013 in the reference section (one paper is dedicated to design/methods)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was carried out using a web-based randomization ap-
plication process. Allocation assignments were stratified by site and age group
(≥ 50, < 50 yrs.) in permuted blocks of varying sizes within each stratum"

Comment: this is an appropriate method of random sequence generation

Allocation concealment
(selection bias)

Low risk Quote: "permuted blocks of varying sizes within each stratum"

Comment: the use of varying sizes of random permuted blocks implies that a
reasonable attempt was made to prevent those admitting participants from
knowing upcoming assignments. We feel that this was probably done properly
in this study

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "The placebo lozenge was identical in size and color to the active
lozenge...Both the active and placebo lozenges were peppermint flavored"
and "StaI and participants were blinded to treatment assignment"

Comment: participants and personnel would not know to which group a par-
ticipant was assigned

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "The placebo lozenge was identical in size and color to the active
lozenge...Both the active and placebo lozenges were peppermint flavored"
and "StaI and participants were blinded to treatment assignment"

Comment: participants and personnel would not know to which group a par-
ticipant was assigned

Bader 2013  (Continued)

Xylitol-containing products for preventing dental caries in children and adults (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

24



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Only 3% of randomised participants were not included in the final analysis (Gp
A: 4%; Gp B: 3%)

Comment: we do not believe that any of the above could pose a risk of bias sig-
nificant enough to have led to a distortion of the true intervention effect

Selective reporting (re-
porting bias)

Low risk All raw data is publicly available on the study website (www.xactstudy.org).
The authors also provided us with the mean and SD for the 33 month incre-
ment

Other bias Low risk • The study authors report that there was a problem with adherence data at
one of the three centres arising due to protocol violation (despite the exclu-
sion criterion, 10 participants who were co-inhabiting with another partici-
pant had been randomly assigned). However, this was transparently report-
ed and the authors reported results both including and excluding the prob-
lematic centre's data. The results including this centre were analysed per
protocol (therefore five participants from each group were excluded from the
analyses for the same reason) and were virtually identical to those excluding
the centre. There does not appear to be any risk of bias

• "To the extent possible, the same examiner who conducted the baseline ex-
amination performed all follow-up examinations" and "Primary and back-up
examiners and recorders from all three clinical centers participated in a four-
day training and calibration session with a reference-standard examiner, as
well as refresher sessions before the 12-, 24- and 33-month examinations."
We consider that the risk of differential diagnostic activity was low

Bader 2013  (Continued)

 
 

Methods Trial design: cluster (3 arms)

Location: interventions given in schools in Tartu, Estonia; clinical examinations took place in standard
dental units of the Department of Stomatology, University of Tartu

Number of centres: 10 schools/4 dental units

Recruitment period: January to February 2008

Participants Inclusion criteria: first and second grade primary school children

Exclusion criteria: children who were not at school on the day of the baseline clinical examination

Baseline caries: (d4-6mfs + D4-6MFS) Gp A: mean 11.22 (SE 0.74); Gp B: mean 12.71 (SE 0.8)

Age at baseline (years): Gp A: mean 8.2 (SD 0.5); Gp B: mean 8.1 (SD 0.6)
Gender: Gp A: 45.5% female; Gp B: 48.2% female

Any other details of important prognostic factors: "fluoride content in drinking water is low"

Number randomised: 320 (Gp A: 156; Gp B: 164) (numbers only including the two relevant arms)

Number evaluated: 252 (Gp A: 126; Gp B: 126)

Interventions Comparison: the 3 arms were as follows:

1) erythritol candy (excluded: erythritol is considered, like xylitol, to be caries-preventive so can-
not be used as a control group)

2) xylitol candy

3) sorbitol candy

Honkala 2014 
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Gp A (n = 156): four candies (90% xylitol) three times per day (total dose = 7.5 g xylitol per day)

Gp B (n = 164): as above but with sorbitol instead of xylitol

Duration of treatment: 3 years

* Sorbitol is considered to be inert (i.e. neither causes nor prevents caries) and therefore is commonly
used as a control in xylitol studies

Outcomes • Caries: number of decayed missing filled surfaces (d4-6mfs + D4-6MFS) (dentin). Assessed at 12, 24 and
36 months

• Adverse effects

Notes Sample size calculation: based on previous study and target was achieved
Adverse effects: none observed
Funding source: Cargill R&D Center Europe (Vilvoorde, Belgium). "The funders had no role in the study
design, data collection and analysis, decision to publish or preparation of the manuscript"
Declarations/conflicts of interest: the authors stated that they had no conflict of interest

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "At enrolment...school classes were randomly divided into three group-
s...The list of all classes from all participating schools...was used as a sample
frame. The statistician...allocated the classrooms according to computer-gen-
erated random numbers"
 
Comment: this is an appropriate method of random sequence generation

Allocation concealment
(selection bias)

Low risk Quote: "Concealment of allocation was maintained by the Cargill company up
to the main statistical analyses and fixing of the data"

Comment: it appears that allocation was carried out remotely (third-party al-
location). We feel that this was probably done properly in this study

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "double-blind" and "Each child consumed four candies three times per
school day, not knowing which group they belonged to"

Comment: participants and personnel would not know to which group a par-
ticipant was assigned

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "double-blind clinical examinations of the children in all groups were
completed four times"

Comment: outcome assessment appears to have been adequately blinded

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 21% of randomised participants were not included in the final analysis (Gp
A: 19%; Gp B: 23%). If the missing participants had higher mean caries incre-
ments in one group than the other, as the attrition rate increased, so would
over/understatement of the mean difference

Selective reporting (re-
porting bias)

High risk Inappropriate combining of deciduous and permanent teeth in the results
(dmfs and DMFS)

Other bias Low risk Quote: "clinical examinations of the children in all groups were completed...by
four trained and calibrated investigators" and "Consistency of the ICDAS codes
by each of the examiners and between the examiners was very high (K > 0.9)"

Comment: we consider that the risk of differential diagnostic activity was low

Honkala 2014  (Continued)
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Methods Trial design: cluster (5 arms)

Location: interventions given in schools in Kotka, Finland; clinical examinations took place in local den-
tal clinics

Number of centres: 21 schools

Recruitment period: not stated

Participants Inclusion criteria: not stated but all children were in grade 4 (10 years old)

Exclusion criteria: not stated but from the study flow diagram (figure 1) systemic disease appears to be
an exclusion criterion

Baseline caries: (D3MFS) Gp A: mean 0.35 (SD 0.8); Gp B: mean 0.27 (SD 0.7)

Age at baseline (months): Gp A: mean 123.4 (SD 4.2); Gp B: mean 122.6 (SD 3.6)
Gender: Gp A: 45.5% male; Gp B: 47.5% male

Any other details of important prognostic factors: "all subjects would have accessed water with a fluo-
ride content not exceeding 1.5 mg/mL"; the study was conducted in a low-caries prevalence population
(i.e. average DMFT of 12-year-olds approximately 0.8 for this area, compared to the Finnish average of
1.2)

Number randomised: 228 (Gp A: 110; Gp B: 118) (numbers only including the two relevant arms)

Number evaluated: 200 (Gp A: 99; Gp B: 101)

Interventions Comparison: the 5 arms were as follows:

1) xylitol/maltitol* lozenges for 1 year (excluded: we felt it was more appropriate to use the arm
with longer-term use)

2) xylitol/maltitol lozenges for 2 years (included)

3) erythritol/maltitol lozenges for 1 year (excluded: erythritol is considered, like xylitol, to be
caries-preventive so cannot be used as a control group)

4) erythritol/maltitol lozenges for 2 years (excluded: see arm 3)

5) control (included: no lozenges and no additional prevention)

Gp A (n = 110): eight xylitol/maltitol lozenges per day (two in the morning, three after lunch, and three
before the child went home) (total dose = 4.7 g xylitol plus 4.6 g maltitol per day)

Gp B (n = 118): children received the same comprehensive routine caries prevention as those in the xyli-
tol group, but no lozenges

Duration of treatment: children in Gp A received the lozenges for 2 years
 
* Maltitol is considered to be inert (i.e. neither causes nor prevents caries) so we did not consider its in-
clusion in the lozenges to be a problem

Outcomes • Caries: decayed missing filled surfaces (D3MFS) increment (dentin). Assessed at 4 years

• Caries: proportion of children with and without caries increment. Assessed at 4 years

• Adverse effects

Notes Sample size calculation: "It was estimated that a 20% difference between the control and each study
group...would be clinically relevant...To avoid the risk of a false-negative result (the type II error) and
for the test to have a 90% power to detect a statistically significant difference, even when taking attri-
tion of 10% or less per year into account, one hundred subjects per group were required"

Lenkkeri 2012 
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Adverse effects: mentioned but no usable data

Funding source: CSM Leaf (Turku, Finland) provided the lozenges
Declarations/conflicts of interest: the authors stated that they had no conflict of interest

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The 21 participating schools were assigned as clusters by means
of restricted randomization and blocking into five different groups of ap-
proximately the same size" and "After the determination of the groups, they
were randomly given a role as one of the four groups receiving colour-coded
lozenges...or a nonlozenge control group, by
drawing lots"

Comment: this is an appropriate method of random sequence generation

Allocation concealment
(selection bias)

Low risk Quote: "The generation of the random allocation sequence, enrolling the par-
ticipants, ascertaining treatment assignment and administering the interven-
tion was performed by the Chief Dental Officer of Kotka who did not take part
in the clinical examinations. The allocation sequence was concealed until all
analyses completed"
 
Comment: it seems that the allocation was performed by someone not in-
volved in the study. We feel that this was probably done properly in this study

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Although the study is described as double-blinded, we are only interested in
the 2-year xylitol arm and the control group who received no lozenges. There-
fore we cannot discount that this would have an effect on the behaviour/mo-
tivation (in terms of oral care) of the participants which may affect the results
(for example, control group participants may overcompensate by taking extra
care of their oral health, or conversely, the xylitol group may feel they do not
need to take as much care of their oral health as they usually would due to an
expected effect of the xylitol)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "the examining dentist...the dentists interpreting the radiograph-
s...were all completely blinded and not aware of the group the child belonged
to until all the data analyses had been carried out"

Comment: outcome assessment appears to have been adequately blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 12% of randomised participants were not included in the final analysis (Gp A:
10%; Gp B: 14%). This amount of attrition may be considered low for a 4-year
study. Also, one school of 20 participants in Gp A discontinued the intervention
during the first year, but they were included in the analyses on an intention-to-
treat basis

Comment: we do not believe that any of the above could pose a risk of bias sig-
nificant enough to have led to a distortion of the true intervention effect

Selective reporting (re-
porting bias)

Unclear risk There were no usable data reported for adverse events. This should be consid-
ered an important outcome in xylitol trials

Other bias High risk • Confounding: due to the lack of a placebo, we cannot exclude the possibility
that some of the effects would be due to salivary stimulation as a result of
sucking a lozenge

• Clinical examinations and radiographs were done by a single dentist as far as
was possible. The radiographs were read by the same two dentists (blinded

Lenkkeri 2012  (Continued)
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to clinical score and group allocation) and inter-rater reliability was assessed
as 92.9%. We consider that the risk of differential diagnostic activity was low

Lenkkeri 2012  (Continued)

 
 

Methods Trial design: parallel (3 arms)

Location: communities in the Republic of the Marshall Islands (in the northern Pacific Ocean)

Number of centres: unclear

Recruitment period: April to August 2006

Participants Inclusion criteria: children aged 9 to 15 months

Exclusion criteria: in the lower 10th percentile of US standard weight and height; history of oe-
sophageal or digestive disease; congenital craniofacial malformation; history of adenoidectomy, tym-
panostomy tubes, or tympanic membrane perforations (due to secondary outcome of reduction of
acute otitis media)

Baseline caries: not stated

Age at baseline (months): Gp A: mean 15.9 (SD 2.6); Gp B: mean 13.7 (SD 2.4); Gp C: mean 15.6 (SD 2.7)

Gender: Gp A: 57.6% female; Gp B: 56.3% female; Gp C: 48.3% female

Any other details of important prognostic factors: high rate of early childhood caries on the islands;
drinking water contains no appreciable fluoride; generally poor diets

Number randomised: 100 (Gp A: 35; Gp B: 33; Gp C: 32)

Number evaluated: 94 (Gp A: 33; Gp B: 32; Gp C: 29)

Interventions Comparison: xylitol topical oral syrup (A) versus xylitol topical oral syrup (B) versus xylitol topical
oral syrup (C)

Gp A (n = 35): three doses of syrup per day: two doses contained 4 g xylitol each, plus one dose with 2 g
sorbitol (total dose = 8 g xylitol plus 2 g sorbitol per day)

Gp B (n = 33): three doses of syrup per day: each dose contained 2.67 g xylitol (total dose = 8 g xylitol
per day)

Gp C (n = 32): three doses of syrup per day: one dose contained 2.67 g xylitol, plus two doses contained
2 g sorbitol each (total dose = 2.67 g xylitol plus 4 g sorbitol per day)

Duration of treatment: 1 year

• Sorbitol is considered to be inert (i.e. neither causes nor prevents caries) so we did not consider its
inclusion in the syrups to be a problem

• The study authors state that the internal review committee required that the control group syrup con-
tain a small amount of xylitol, but that evidence does not suggest that a dose of 2.67 g per day would
have any effect. The study authors therefore considered this to be a control group

• Due to the fact that the xylitol dose was the same in Gp A and Gp B, and also because sorbitol is not
expected to have any effect, we combined these two groups in the analysis

Outcomes • Caries: number of decayed primary teeth. Assessed at 1 year

• Acute otitis media (not an outcome of interest in this review)

• Adverse effects

Milgrom 2009 
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Notes Sample size calculation: "We estimated that the rate of decayed cavitated lesions for children at 24
months of age was 60% in the control group and 30% in the xylitol-treated groups. Based on 80% pow-
er to detect a significant difference (2-sided P=.05) between the xylitol-treated and control groups, 32
children were required for each study group"

Adverse effects: percentage experiencing loose stools or diarrhoea is reported per group. Appears to be
at participant level (i.e. not counting multiple events experienced by the same child) but the percent-
ages stated do not equate to whole persons (e.g. 11.7% of 33 participants is 3.861 persons)

Funding source: grants from: a) the Health Resources and Services Administration Maternal and Child
Health Bureau; and b) the National Institute of Dental and Craniofacial Research. Danisco USA donated
the raw materials for making the syrups
Declarations/conflicts of interest: none of the authors reported any disclosures

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "subjects were given identification numbers that had been randomly
assigned to study groups by a statistician using block randomization and the
sample function of commercially available statistical software...Block sizes of
30 and 15 were used for the Laura district, and block sizes of 36 and 18 were
used for the Delap district. Except for the statistician, all study team members
were blinded until study completion"

Comment: this is an appropriate method of random sequence generation

Allocation concealment
(selection bias)

Low risk Quote: "subjects were given identification numbers that had been randomly
assigned to study groups by a statistician using block randomization and the
sample function of commercially available statistical software...Block sizes of
30 and 15 were used for the Laura district, and block sizes of 36 and 18 were
used for the Delap district. Except for the statistician, all study team members
were blinded until study completion"

Comment: use of different block sizes administered by a statistician implies
that a reasonable attempt was made to prevent those admitting participants
from knowing upcoming assignments. We feel that this was probably done
properly in this study

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "double-blind" and "The syrups were matched for color, taste, and vis-
cosity"

Comment: participants and personnel would not know to which group a par-
ticipant was assigned

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "The examiner was always blinded to study group assignment"

Comment: outcome assessment appears to have been adequately blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Only 6% of randomised participants were not included in the final analysis (Gp
A: 6%; Gp B: 3%; Gp C: 9%). Attrition was actually 16% but most of these had
at least an interim examination and were included in the intention-to-treat
analysis. The reasons for drop-out in each group were the same and in similar
proportions (either moved oI island or parent stopped giving syrup and with-
drew)

Comment: we do not believe that any of the above could pose a risk of bias sig-
nificant enough to have led to a distortion of the true intervention effect

Milgrom 2009  (Continued)
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Selective reporting (re-
porting bias)

Unclear risk There were no usable data reported for adverse events. This should be consid-
ered an important outcome in xylitol trials

Other bias Low risk Quote: "A single dental examiner" and "Compared with another examiner
(P.M.), the study examiner demonstrated excellent reliability for caries diagno-
sis (interrater correlation coefficient, 1.00 at the prestudy dental examination
and 0.96 at the midstudy examination)" 
 
Comment: we consider that the risk of differential diagnostic activity was low

Milgrom 2009  (Continued)

 
 

Methods Trial design: parallel (2 arms)

Location: public dental clinic in Lycksele, Sweden

Number of centres: 1

Recruitment period: not stated

Participants Inclusion criteria: all healthy 2-year-old children, born in 2000 and the first quarter of 2001, attending
the public dental clinic in Lyycksele

Exclusion criteria: children with severe disabilities; children that did not co-operate for an oral inspec-
tion

Baseline caries: not stated

Age at baseline: all children were 2 years old

Gender: Gp A: 49% female; Gp B: 46% female

Any other details of important prognostic factors: not stated

Number randomised: 132 (Gp A: 66; Gp B: 66)

Number evaluated: 118 (Gp A: 55; Gp B: 63)

Interventions Comparison: xylitol sucking tablets versus control (no tablets and no additional prevention)

Gp A (n = 66): one tablet (0.48 g xylitol) slowly dissolved in the mouth per day, at bedtime after tooth-
brushing, for the first 6 months, then two tablets (one in the morning and one in the evening) for anoth-
er year (total dose = 1 g xylitol per day)

Gp B (n = 66): children received the same routine prevention and restorative care and advice as those in
the xylitol group, but no tablets

Duration of treatment: children in Gp A received the tablets for 1.5 years

Outcomes • Caries: dmfs increment. Assessed at 2 years

• Caries: incidence measured using dichotomous presence of a dmfs increment or not. Assessed at 2
years

• Microbial counts (not an outcome of interest in this review)

Notes Sample size calculation: only a post-investigation sample size analysis was performed

Adverse effects: not reported

Funding source: grants from: a) the County of Västerbotten; b) the Patent Revenue Fund for Dental Pro-
phylaxis; and c) the Swedish Dental Society

Oscarson 2006 
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Declarations/conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "the children were randomly assigned"

Comment: insufficient information on the method of sequence generation

Allocation concealment
(selection bias)

Unclear risk Quote: "the children were randomly assigned"

Comment: allocation concealment not mentioned

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk It was not possible to blind participants and personnel because the control
group had no tablets. Therefore we cannot discount that this would have
an effect on the behaviour/motivation (in terms of oral care) of the partici-
pants/carers which may affect the results (for example, control group partici-
pants/carers may overcompensate by taking extra care of their oral health, or
conversely, the xylitol group may feel they do not need to take as much care of
their oral health as they usually would due to an expected effect of the xylitol)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "single-blind" and "Caries was registered by tactile and visual examina-
tion in a dental chair by two blinded calibrated examiners"

Comment: outcome assessment appears to have been adequately blinded

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 11% of randomised participants were not included in the final analysis, but
this was unbalanced with appreciably higher attrition in the xylitol group (Gp
A: 17%; Gp B: 5%). If the higher rate of attrition was related to the intervention,
then this could be considered a risk of bias

Selective reporting (re-
porting bias)

Unclear risk Adverse events should be considered an important outcome in xylitol trials,
but were not considered in this study

Other bias High risk • Confounding: due to the lack of a placebo, we cannot exclude the possibility
that some of the effects would be due to salivary stimulation as a result of
sucking a tablet

• Caries was assessed by two blinded calibrated examiners. We consider that
the risk of differential diagnostic activity was low

Oscarson 2006  (Continued)

 
 

Methods Trial design: parallel (4 arms)

Location: public dental clinic in Hyltebruk, Sweden

Number of centres: 1

Recruitment period: not stated

Participants Inclusion criteria: healthy 12- to 13-year-olds

Exclusion criteria: not stated

Baseline caries: not clearly stated (presented graphically) but there was a statistically significant differ-
ence between Gp A and Gp B

Age at baseline: all children were 12 to 13 years old

Petersson 1991 
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Gender: not stated

Any other details of important prognostic factors: the study site was chosen due to a relatively high
caries frequency and stable population; the water supply had a fluoride concentration of about 0.1
ppm

Number randomised: 322 (Gp A: 78; Gp B: 83; Gp C: 78; Gp D: 83)

Number evaluated: 284 (Gp A: 67; Gp B: 74; Gp C: 68; Gp D: 75)

Interventions Comparison: the 4 arms were as follows:

1) xylitol toothpaste with sorbitol and normal level of fluoride

2) xylitol toothpaste with sorbitol and low level of fluoride

3) toothpaste with sorbitol and normal level of fluoride

4) toothpaste with sorbitol and low level of fluoride

Gp A (n = 78): twice daily brushing with toothpaste containing 0.8% sodium monofluorophosphate, 3%
xylitol, 6% sorbitol

Gp B (n = 83): twice daily brushing with toothpaste containing 0.03% sodium fluoride, 3% xylitol, 6%
sorbitol

Gp C (n = 78): twice daily brushing with toothpaste containing 0.8% sodium monofluorophosphate, 9%
sorbitol

Gp D (n = 83): twice daily brushing with toothpaste containing 0.03% sodium fluoride, 9% sorbitol

Duration of treatment: 3 years

• Sorbitol is considered to be inert (i.e. neither causes nor prevents caries) so we did not consider its
inclusion in the syrups to be a problem

• We would have compared Gp A versus Gp C and Gp B versus Gp D in the analyses, if there had been
any usable data

Outcomes • Caries: number of DFS. Assessed at 1, 2, and 3 years

• Microbial counts (not an outcome of interest in this review)

Notes Sample size calculation: 65 to 75 participants per group to allow 95% power to detect a true difference
between group means of approximately 4 DFS (theoretical calculations made via a pilot study)

Adverse effects: not reported

Funding source: Kema Nobel Consumer Goods Division (Stockholm, Sweden) provided toothpastes (al-
so states they provided "economical support" but this may just be the toothpastes)
Declarations/conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "All children taking part were randomly distributed into four experi-
mental groups"

Comment: insufficient information on the method of sequence generation

Allocation concealment
(selection bias)

Unclear risk Quote: "All children taking part were randomly distributed into four experi-
mental groups"

Petersson 1991  (Continued)
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Comment: allocation concealment not mentioned

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "They were produced and delivered in 100-gram tubes, marked with
the name 'Toothpaste' in different colours...corresponding to groups 1-4 re-
spectively" and "The study was carried out double-blind for subjects as well as
for examiners"

Comment: participants and personnel would not know which group a partici-
pant was assigned to

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "The study was carried out double-blind for subjects as well as for ex-
aminers"

Comment: outcome assessment appears to have been adequately blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 12% of randomised participants were not included in the final analysis (Gp A:
14%; Gp B: 11%; Gp C: 13%; Gp D: 10%). This amount of attrition may be con-
sidered as low for a 3-year study and the reasons were mainly due to them
moving away from the area

Comment: we do not believe that any of the above could pose a risk of bias sig-
nificant enough to have led to a distortion of the true intervention effect

Selective reporting (re-
porting bias)

High risk The caries data have not been reported adequately (on a small graph) or in a
way that would allow them to be included in a meta-analysis (i.e. there is no
measure of variance (SD, SE or 95% CIs) reported for the mean DFS scores). Ad-
verse events should be considered an important outcome in xylitol trials, but
were not considered in this study

Other bias Low risk Quote: "The children were clinically examined...by one of the authors" and "A
pilot study...was performed to train the examiner and to standardize the clini-
cal and radiographic registrations"

Comment: we consider that the risk of differential diagnostic activity was low

Petersson 1991  (Continued)

 
 

Methods Trial design: parallel (2 arms)

Location: schools in the metropolitan area of San José, Costa Rica

Number of centres: 17 schools

Recruitment period: not stated

Participants Inclusion criteria: 8- to 10-year-olds (however, children younger than 8 years yet at the scholastic third
grade level, or older than 10 years yet still at the scholastic fiMh grade level, were accepted if they met
the following criterion); minimum of one DFS

Exclusion criteria: not stated

Baseline caries: (DFS) Gp A: mean 5.6 (SD 2.9); Gp B: mean 5.5 (SD 3.0)

Age at baseline: unclear due to first inclusion criterion above but stratified by age

Gender: not stated but stratified by gender

Any other details of important prognostic factors: the water supply had a fluoride concentration of less
than 0.1 ppm; fluoridated table salt was introduced in Costa Rica around the time the study began, but
availability was equal for all participants

Sintes 1995 
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Number randomised: 2630 (not reported by group)

Number evaluated: 1677 (Gp A: 840; Gp B: 837)

Interventions Comparison: xylitol plus fluoride toothpaste versus fluoride toothpaste

Gp A (n = 840 evaluated): twice daily brushing for 1 minute with toothpaste containing 10% xylitol plus
0.243% sodium fluoride (1100 ppm fluoride); participants were instructed to spit out the slurry after
brushing and rinse thoroughly with water; eating/drinking was discouraged for at least 30 minutes fol-
lowing brushing; application of toothpaste to toothbrush was supervised

Gp B (n = 837 evaluated): as above but without xylitol

Duration of treatment: 3 years

Outcomes • Caries: DFS increment. Assessed at 2 and 3 years

• Adverse effects

Notes Sample size calculation: the authors state that the study met the sample size requirements of the
American Dental Association (ADA) guidelines for clinical trials of anticaries toothpaste efficacy (mini-
mum 80% power to detect 10% difference)

Adverse effects: none observed

Funding source: several authors employed by Colgate-Palmolive
Declarations/conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Each child was randomly assigned to use either..."

Comment: insufficient information on the method of sequence generation

Allocation concealment
(selection bias)

Unclear risk Quote: "Each child was randomly assigned to use either..."

Comment: allocation concealment not mentioned

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Product was provided in plain white tubes (identified only by a solid
colour-coded label) in order to maintain the double-blindness"

Comment: participants and personnel would not know to which group a par-
ticipant was assigned

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Product was provided in plain white tubes (identified only by a solid
colour-coded label) in order to maintain the double-blindness"

Comment: outcome assessment appears to have been adequately blinded

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 36% of randomised participants were not included in the final analysis (not
reported by group). If the missing participants had higher mean caries incre-
ments in one group than the other, as the attrition rate increased, so would
over/understatement of the mean difference

Selective reporting (re-
porting bias)

Low risk Appropriate outcome measures were considered and reported in full, as de-
scribed in the methods section

Other bias Low risk Caries evaluations were carried out by a single dentist who was calibrated be-
fore and during the study. We consider that the risk of differential diagnostic
activity was low

Sintes 1995  (Continued)
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Methods Trial design: parallel (2 arms)

Location: schools in the central plateau of Costa Rica (including San José, Cartago, Alajuela, and Here-
dia)

Number of centres: 28 schools

Recruitment period: not stated

Participants Inclusion criteria: 7- to 12-year-olds; minimum of one decayed/filled surface (DFS)

Exclusion criteria: not stated

Baseline caries: (DFS) Gp A: mean 3.69 (SD 2.2); Gp B: mean 3.7 (SD 2.19)

Age at baseline: all children were 7 to 12 years old; stratified by age

Gender: not stated but stratified by gender

Any other details of important prognostic factors: the water supply had a fluoride concentration of less
than 0.1 ppm

Number randomised: 3394 (not reported by group)

Number evaluated: 2539 (Gp A: 1280; Gp B: 1259)

Interventions Comparison: xylitol plus fluoride toothpaste versus fluoride toothpaste

Gp A (n = 1280 evaluated): twice daily brushing for 1 minute with toothpaste containing 10% xylitol plus
0.836% sodium monofluorophosphate (1100 ppm fluoride); participants were instructed to spit out the
slurry after brushing and rinse thoroughly with water; eating/drinking was discouraged for at least 30
minutes following brushing; application of toothpaste to toothbrush was supervised

Gp B (n = 1259 evaluated): as above but without xylitol

Duration of treatment: 30 months

Outcomes • Caries: DFS increment. Assessed at 12 and 30 months

• Adverse effects

Notes Sample size calculation: not stated

Adverse effects: none observed

Funding source: several authors employed (or formerly employed) by Colgate-Palmolive
Declarations/conflicts of interest: not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Children accepted for participation were stratified into two balanced
groups within the participating schools on the basis of age and sex"

Comment: although the word 'random' is not used, and we were unable to ob-
tain a response from the corresponding author, we are confident that partici-
pants would have been randomised on the basis that: a) the Sintes 1995 study
with three of the same authors was randomised; and b) we have information
from another Cochrane review that toothpaste trials by Colgate-Palmolive

Sintes 2002 
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are normally randomised. However, there is insufficient information on the
method of sequence generation

Allocation concealment
(selection bias)

Unclear risk Allocation concealment not mentioned

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Each subject was provided the assigned study dentifrice in tubes with
colour-coded labels, to ensure that the use of the assigned dentifrice was
maintained throughout the study"

Comment: the use of colour-coded labels implies that blinding was carried
out. We feel that this was probably done properly in this study

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "double blind"

Comment: we assumed that this refers to blinding of participants and out-
come assessors

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 25% of randomised participants were not included in the final analysis (not
reported by group). If the missing participants had higher mean caries incre-
ments in one group than the other, as the attrition rate increased, so would
over/understatement of the mean difference

Selective reporting (re-
porting bias)

Low risk Appropriate outcome measures were considered and reported in full, as de-
scribed in the methods section

Other bias Low risk Caries evaluations were carried out by a single dentist who was calibrated be-
fore and during the study. We consider that the risk of differential diagnostic
activity was low

Sintes 2002  (Continued)

 
 

Methods Trial design: parallel (3 arms)

Location: healthcare centres in Muurame and Korpilahti, Finland

Number of centres: not stated

Recruitment period: September 2004 to February 2007

Participants Inclusion criteria: healthy child; parents willing to use the novel slow-release pacifier and the tablet;
child started receiving tablet before age of 2 months (if they did not, but the parents were motivated
to remain in the study, they were offered the possibility of administering the crushed up tablet on a
spoon)

Exclusion criteria: not stated

Baseline caries: children were aged 2 months so had no teeth and no caries

Age at baseline: 1 to 2 months

Gender: Gp A: 57% male; Gp B: 46% male

Any other details of important prognostic factors: not stated

Number randomised: 108 (Gp A: 54; Gp B: 54)

Number evaluated: 62 (Gp A: 33; Gp B: 29)

Interventions Comparison: the 3 arms were as follows:

Taipale 2013 
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1) probiotic bacteria (BB-12) plus xylitol tablet via a slow-release pacifier or a spoon (excluded)

2) xylitol tablet via a slow-release pacifier or a spoon

3) sorbitol tablet via a slow-release pacifier or a spoon

Gp A (n = 54): one tablet (100 mg or 300 mg xylitol - depending on size of pacifier) twice per day via a
novel slow-release pacifier or crushed on a spoon (total dose = 200 mg to 600 mg xylitol per day)

Gp B (n = 54): as above but with sorbitol instead of xylitol

Duration of treatment: tablets were given from the age of 1 to 2 months until the child was 2 years of
age

* Sorbitol is considered to be inert (i.e. neither causes nor prevents caries) and therefore is commonly
used as a control in xylitol studies

Outcomes • Caries: incidence measured both using categorical International Caries Detection and Assessment
System (ICDAS) and dichotomous presence of a dmfs increment or not. Assessed at 4 years

• Microbial counts (not an outcome of interest in this review)

Notes Sample size calculation: based on microbial colonisation percentages rather than on caries

Adverse effects: not reported

Funding source: personal grants from: a) the Emil Aaltonen and Sohlberg Foundations; b) the Finnish
Dental Society Apollonia and the Finnish Dental Association. All study materials were donated by in-
dustry but they did not provide any financial support
Declarations/conflicts of interest: none reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The infants were assigned to 1 of 3 study groups by one of the au-
thors...according to a randomization list which had been previously comput-
er-generated in blocks of 3"

Comment: this is an appropriate method of random sequence generation

Allocation concealment
(selection bias)

Low risk Quote: "The infants were assigned to 1 of 3 study groups by one of the au-
thors...according to a randomization list which had been previously comput-
er-generated in blocks of 3. The block randomization was prepared by a statis-
tician with no clinical involvement in the trial. All the study personnel and par-
ticipants were blinded to treatment assignment"

Comment: blocks of three would mean that it was difficult to conceal the ran-
dom sequence if not done properly. However, it sounds as if the statistician
carried this out remotely so that there could be no foreknowledge of interven-
tion assignment by the study personnel

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "double-blind" and "Test tablets of a similar size and colour were ad-
ministered" and "All the study personnel and participants were blinded to
treatment assignment as well as the colour code of the tablet bottles for the
duration of the study"

Comment: participants and personnel would not know to which group a par-
ticipant was assigned

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "double-blind" and "All the study personnel and participants were
blinded to treatment assignment as well as the colour code of the tablet bot-
tles for the duration of the study. Only one of the authors...had the code...How-

Taipale 2013  (Continued)
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ever, she did not participate in producing or analysing the data at any stage of
the trial and had no contact with the study participants"

Comment: outcome assessment appears to have been adequately blinded

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 43% of randomised participants were not included in the final analysis (Gp A:
38%; Gp B: 46%). If the missing participants had a higher risk of caries in one
group than the other, as the attrition rate increased, so would over/under-
statement of the risk ratio

Selective reporting (re-
porting bias)

Unclear risk Adverse events should be considered an important outcome in xylitol trials,
but were not considered in this study

Other bias Low risk Quote: "All children were examined by a dentist...trained specifically for the
study examination" and "The intraexaminer agreement percentage at the sur-
face level was 97.3%"

Comment: we consider that the risk of differential diagnostic activity was low

Taipale 2013  (Continued)

 
 

Methods Trial design: parallel (2 arms)

Location: paediatric dental clinic in San Francisco, USA

Number of centres: 1

Recruitment period: January 2007 to January 2008

Participants Inclusion criteria: healthy children aged 6 to 35 months; mothers using the wipes were primary care-
givers (> 8 hours per day); minimum of one active caries lesion within a year

Exclusion criteria: oral or systemic diseases; mother or child had taken antibiotics (or other medication
which may potentially affect oral flora) in the previous 3 months

Baseline caries: (dmfs > 0) Gp A: 2; Gp B: 1

Age at baseline (months): Gp A: mean 16.7 (SD 8.6); Gp B: mean 17.9 (SD 8.6)

Gender: Gp A: 64% male; Gp B: 59% male

Any other details of important prognostic factors: 80% of the population attending this clinic were of
low socioeconomic status

Number randomised: 44 (Gp A: 22; Gp B: 22)

Number evaluated: 44 (Gp A: 22; Gp B: 22) (there were 2 drop-outs in Gp A and 5 in Gp B but all partici-
pants were analysed on an intention-to-treat basis, and imputation procedure is clearly stated)

Interventions Comparison: xylitol wipes versus placebo wipes

Gp A (n = 22): mothers used two wipes to clean the teeth and gums three times per day (in addition to
their normal toothbrushing) (total dose = 4.2 g xylitol per day)

Gp B (n = 22): as above but without xylitol

Duration of treatment: 1 year

Outcomes • Caries: incidence measured using dichotomous presence of a dmfs increment or not. Assessed at 1
year

Zhan 2012 
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• Microbial counts (not an outcome of interest in this review)

• Adverse effects

Notes Sample size calculation: based on previous study and on maternal microbial transmission rather than
on caries

Adverse effects: none observed

Funding source: "This research project was supported by the California Society of Pediatric Dentistry
Foundation, a Graduate Scientific Research Award from American Academy of Pediatric Dentistry, and
NIH/NIDCR grant U54 DE019285. Xylitol and placebo wipes were provided free of charge from DR Prod-
ucts Inc"
Declarations/conflicts of interest: the authors stated that they had no conflict of interest
 
The study authors report a statistically significant difference in favour of the xylitol group. However,
using the raw data from the study report, we did not find a statistically significant difference

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The participants were then randomized...using a pre-set comput-
er-generated random number table"
 
Comment: this is an appropriate method of random sequence generation

Allocation concealment
(selection bias)

Low risk Quote: "The groups were blinded as Groups A and B" and "Only one investiga-
tor...who was not involved in any patient contact, dental examinations, and
microbiological assays, knew the group assignment"

Comment: it appears that allocation was carried out remotely by an investiga-
tor who did not know into which group they were allocating participants

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "double-blinded" and "The placebo wipes were custom synthe-
sized...for the study and were identical in appearance and composition"

Comment: participants and personnel would not know to which group a par-
ticipant was assigned

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "double-blinded" and "Only one investigator...who was not involved in
any patient contact, dental examinations, and microbiological assays, knew
the group assignment. All the other investigators involved in participant con-
tact, microbiological assays, and statistical analysis were blinded"
 
Comment: outcome assessment appears to have been adequately blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 16% dropped out between baseline and final examination (Gp A: 9%; Gp B:
23%). Although all participants were included in the analysis on an inten-
tion-to-treat basis and imputation rules were clearly stated, we cannot be cer-
tain that the study is free of attrition bias

Selective reporting (re-
porting bias)

Low risk Appropriate outcome measures were considered and reported in full, as de-
scribed in the methods section

Other bias Low risk Quote: "The two dental examiners were trained by one investigator (LZ) to
score caries lesions in a standard pediatric dental setting. Cross calibration on
inter-examiner reliability was performed on seven children (15% of the study
population). The two examiners showed 100% agreement on caries scoring,
with Kappa = 1 (P < 0.01)"

Zhan 2012  (Continued)
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Comment: we consider that the risk of differential diagnostic activity was low
Zhan 2012  (Continued)

CIs = confidence intervals; DFS = decayed filled surfaces; DMFS/dmfs = decayed missing filled surfaces; DMFT = decayed missing filled teeth;
Gp = group; ppm = parts per million; SD = standard deviation; SE = standard error
In the above tables, where a number appears aMer the 'D', this indicates the severity of the carious lesion progressing from enamel (1 to
3) to dentin (4 to 6)
 

Characteristics of excluded studies [ordered by year of study]

 

Study Reason for exclusion

Scheinin 1975 Xylitol (plus sorbitol and 'other polyols') gum versus sucrose (plus sorbitol and 'other polyols')
gum. No appropriate control group as sucrose is cariogenic (causes caries)

Kandelman 1990 Cluster randomised controlled trial but with serious problems with the randomisation procedure
(some of the clusters were self selecting i.e. some schools did not allow chewing of gum in the
classroom and therefore they were the controls and were not randomly assigned)

Alanen 2000 Sealants versus 2-year use of xylitol gum versus 3-year use of xylitol gum. No appropriate compari-
son of interest

Alanen 2000b Cluster randomised controlled trial but with serious problems with the randomisation procedure
(some of the clusters were selectively rather than randomly assigned)

Machiulskiene 2001 Cluster randomised controlled trial but with one cluster per arm, and therefore of inappropriate
design

Kovari 2003 Children using xylitol gum but not brushing teeth during daycare hours versus children brushing
their teeth with fluoride toothpaste during daycare hours (after lunch) but not using xylitol gum. No
appropriate control group

Chi 2014 Cluster randomised controlled trial but with two clusters per arm, and therefore of inappropriate
design

Lee 2014 The study authors kindly provided us with a prepublication copy of the study and we were able to
see that the intervention was only given for 9 months. Our inclusion criterion states that the inter-
vention must be given for at least 1 year

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Adults: xylitol lozenges versus control lozenges

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Caries increment at 33 months fol-
low-up (DFS)

1 669 Mean Difference (IV, Fixed,
95% CI)

-0.64 [-1.58, 0.30]
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Analysis 1.1.   Comparison 1 Adults: xylitol lozenges versus control
lozenges, Outcome 1 Caries increment at 33 months follow-up (DFS).

Study or subgroup Xylitol Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Bader 2013 331 7.1 (6) 338 7.7 (6.5) 100% -0.64[-1.58,0.3]

   

Total *** 331   338   100% -0.64[-1.58,0.3]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.33(P=0.18)  

Favours xylitol 105-10 -5 0 Favours control

 
 

Comparison 2.   Children: xylitol lozenges versus no treatment

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Caries increment at 4 years follow-up
(DMFS)

1 97 Mean Difference (IV,
Fixed, 95% CI)

0.28 [-0.99, 1.55]

2 Number with caries increment at 4 years
follow-up (as opposed to none/no change)

1 97 Risk Ratio (M-H, Fixed,
95% CI)

1.02 [0.83, 1.26]

 
 

Analysis 2.1.   Comparison 2 Children: xylitol lozenges versus no
treatment, Outcome 1 Caries increment at 4 years follow-up (DMFS).

Study or subgroup Xylitol No treatment Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Lenkkeri 2012 48 3 (3.3) 49 2.7 (3.1) 100% 0.28[-0.99,1.55]

   

Total *** 48   49   100% 0.28[-0.99,1.55]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.43(P=0.67)  

Favours xylitol 105-10 -5 0 Favours no treatment

 
 

Analysis 2.2.   Comparison 2 Children: xylitol lozenges versus no treatment, Outcome
2 Number with caries increment at 4 years follow-up (as opposed to none/no change).

Study or subgroup Xylitol No treatment Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lenkkeri 2012 38/48 38/49 100% 1.02[0.83,1.26]

   

Total (95% CI) 48 49 100% 1.02[0.83,1.26]

Total events: 38 (Xylitol), 38 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.19(P=0.85)  

Favours xylitol 100.1 50.2 20.5 1 Favours no treatment
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Comparison 3.   Children: xylitol topical oral syrup versus control syrup (very low dose xylitol)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Number of decayed primary teeth at 1
year follow-up

1 94 Mean Difference (IV, Fixed,
95% CI)

-1.10 [-2.03,
-0.18]

 
 

Analysis 3.1.   Comparison 3 Children: xylitol topical oral syrup versus control syrup
(very low dose xylitol), Outcome 1 Number of decayed primary teeth at 1 year follow-up.

Study or subgroup Xylitol Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Milgrom 2009 65 0.8 (1.3) 29 1.9 (2.4) 100% -1.1[-2.03,-0.18]

   

Total *** 65   29   100% -1.1[-2.03,-0.18]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.33(P=0.02)  

Favours xylitol 105-10 -5 0 Favours control

 
 

Comparison 4.   Children: xylitol sucking tablets versus no treatment

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Caries increment at 2 years follow-up
(dmfs)

1 118 Mean Difference (IV,
Fixed, 95% CI)

-0.42 [-1.12, 0.28]

2 Number with caries increment at 2 years
follow-up (as opposed to none/no change)

1 118 Risk Ratio (M-H, Fixed,
95% CI)

0.72 [0.35, 1.45]

 
 

Analysis 4.1.   Comparison 4 Children: xylitol sucking tablets versus no
treatment, Outcome 1 Caries increment at 2 years follow-up (dmfs).

Study or subgroup Xylitol No treatment Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oscarson 2006 55 0.4 (1.1) 63 0.8 (2.6) 100% -0.42[-1.12,0.28]

   

Total *** 55   63   100% -0.42[-1.12,0.28]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.18(P=0.24)  

Favours xylitol 21-2 -1 0 Favours no treatment
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Analysis 4.2.   Comparison 4 Children: xylitol sucking tablets versus no treatment, Outcome
2 Number with caries increment at 2 years follow-up (as opposed to none/no change).

Study or subgroup Xylitol No treatment Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Oscarson 2006 10/55 16/63 100% 0.72[0.35,1.45]

   

Total (95% CI) 55 63 100% 0.72[0.35,1.45]

Total events: 10 (Xylitol), 16 (No treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.93(P=0.35)  

Favours xylitol 100.1 50.2 20.5 1 Favours no treatment

 
 

Comparison 5.   Children: xylitol plus fluoride toothpaste versus fluoride toothpaste

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Caries increment at 2.5 to 3 years fol-
low-up (Prevented Fraction)

2   Prevented Fraction
(Fixed, 95% CI)

0.13 [0.08, 0.18]

2 Caries increment at 2.5 to 3 years fol-
low-up (DFS)

2 4216 Mean Difference (IV,
Fixed, 95% CI)

-0.28 [-0.42,
-0.14]

 
 

Analysis 5.1.   Comparison 5 Children: xylitol plus fluoride toothpaste versus fluoride
toothpaste, Outcome 1 Caries increment at 2.5 to 3 years follow-up (Prevented Fraction).

Study or subgroup Xylitol Control Prevented
Fraction

Prevented Fraction Weight Prevented Fraction

  N N (SE) IV, Fixed, 95% CI   IV, Fixed, 95% CI

Sintes 1995 0 0 0.1 (0.031) 69.78% 0.12[0.06,0.18]

Sintes 2002 0 0 0.1 (0.048) 30.22% 0.14[0.05,0.23]

   

Total (95% CI)       100% 0.13[0.08,0.18]

Heterogeneity: Tau2=0; Chi2=0.08, df=1(P=0.77); I2=0%  

Test for overall effect: Z=4.89(P<0.0001)  

Favours control 10.5-1 -0.5 0 Favours xylitol

 
 

Analysis 5.2.   Comparison 5 Children: xylitol plus fluoride toothpaste versus
fluoride toothpaste, Outcome 2 Caries increment at 2.5 to 3 years follow-up (DFS).

Study or subgroup Xylitol Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Sintes 1995 840 5 (3.7) 837 5.7 (4.1) 14.09% -0.7[-1.07,-0.33]

Sintes 2002 1280 1.3 (1.9) 1259 1.5 (2) 85.91% -0.21[-0.36,-0.06]

   

Total *** 2120   2096   100% -0.28[-0.42,-0.14]

Favours xylitol 10.5-1 -0.5 0 Favours control
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Study or subgroup Xylitol Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=5.67, df=1(P=0.02); I2=82.36%  

Test for overall effect: Z=3.9(P<0.0001)  

Favours xylitol 10.5-1 -0.5 0 Favours control

 
 

Comparison 6.   Children: xylitol tablets versus control (sorbitol) tablets

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Number with caries increment at 4 years fol-
low-up (as opposed to none/no change)

1 62 Risk Ratio (M-H, Fixed,
95% CI)

3.08 [0.69, 13.65]

 
 

Analysis 6.1.   Comparison 6 Children: xylitol tablets versus control (sorbitol) tablets, Outcome
1 Number with caries increment at 4 years follow-up (as opposed to none/no change).

Study or subgroup Xylitol Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Taipale 2013 7/33 2/29 100% 3.08[0.69,13.65]

   

Total (95% CI) 33 29 100% 3.08[0.69,13.65]

Total events: 7 (Xylitol), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.48(P=0.14)  

Favours xylitol 100.1 50.2 20.5 1 Favours control

 
 

Comparison 7.   Children: xylitol wipes versus control wipes

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Number with caries increment at 1 year fol-
low-up (as opposed to none/no change)

1 44 Risk Ratio (M-H, Fixed,
95% CI)

0.14 [0.02, 1.07]

 
 

Analysis 7.1.   Comparison 7 Children: xylitol wipes versus control wipes, Outcome 1
Number with caries increment at 1 year follow-up (as opposed to none/no change).

Study or subgroup Xylitol Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Zhan 2012 1/22 7/22 100% 0.14[0.02,1.07]

   

Total (95% CI) 22 22 100% 0.14[0.02,1.07]

Total events: 1 (Xylitol), 7 (Control)  

Favours xylitol 2000.005 100.1 1 Favours control
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Study or subgroup Xylitol Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=1.9(P=0.06)  

Favours xylitol 2000.005 100.1 1 Favours control

 

 

A D D I T I O N A L   T A B L E S
 

Comparison (number) Increment (Study) PF (95% CI) Notes

Adults

Xylitol lozenges versus control
lozenges (1.1)

33-month caries increment (Bader
2013)

0.08 (–0.03 to 0.20) 8% reduction in caries in test
group

 Children

Xylitol lozenges versus no treat-
ment (2.1)

4 year caries increment (Lenkkeri 2012)

 

-0.10 (-0.59 to 0.39) 10% increase in caries in test
group compared to control

 

Xylitol topical oral syrup versus
control syrup (3.1)

Caries in primary teeth over 1 year fol-
low-up (Milgrom 2009)

0.58 (0.33 to 0.83) 58% reduction in caries in test
group

 

Xylitol sucking tablets versus no
treatment (4.1)

2 year caries increment (Oscarson
2006)

0.53 (0.001 to 1.04) 53% reduction in caries in test
group

 

2.5 to 3 year caries increment (Sintes
1995)

0.12 (0.06 to 0.18) 12% reduction in caries in test
group

Xylitol plus fluoride toothpaste
versus fluoride toothpaste (5.1)

2.5 to 3 year caries increment (Sintes
2002)

0.14 (0.05 to 0.23) 14% reduction in caries in test
group

Table 1.   Prevented fractions (PF) for caries incremental data 

CI = confidence interval
 

 

A P P E N D I C E S

Appendix 1. Cochrane Oral Health Group Trials Register Search Strategy

1 MeSH DESCRIPTOR Tooth Demineralization
2 ((teeth and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*)):ti,ab) AND (INREGISTER)
3 ((tooth and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*)):ti,ab) AND (INREGISTER)
4 ((dental and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*)):ti,ab) AND (INREGISTER)
5 ((enamel and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*)):ti,ab) AND (INREGISTER)
6 ((dentin and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*)):ti,ab) AND (INREGISTER)
7 ((root and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*)):ti,ab) AND (INREGISTER)
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8 MeSH DESCRIPTOR Dental Plaque Index
9 ((("dental plaque" or DMF or DFS or DFT or DMFT) and (index or indices)):ti,ab) AND (INREGISTER)
10 MeSH DESCRIPTOR Dental Plaque
11 (((dental or tooth or teeth) and plaque):ti,ab) AND (INREGISTER)
12 (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11) AND (INREGISTER)
13 MeSH DESCRIPTOR Sugar Alcohols
14 (("sugar alcohol*" or polyol*):ti,ab) AND (INREGISTER)
15 MeSH DESCRIPTOR Sweetening Agents
16 (sweetener*:ti,ab) AND (INREGISTER)
17 MeSH DESCRIPTOR Xylitol
18 (xylitol:ti,ab) AND (INREGISTER)
19 (#13 or #14 or #15 or #16 or #17 or #18) AND (INREGISTER)
20 (#12 and #19) AND (INREGISTER)

Appendix 2. Cochrane Central Register of Controlled Clinical Trials (CENTRAL) search strategy

#1 [mh "Tooth demineralization"]
#2 (tooth near/5 (cavit* or caries or carious or decay* or lesion or deminerali* or reminerali*))
#3 (teeth near/5 (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
#4 (dental near/5 (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
#5 (enamel near/5 (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
#6 (dentin near/5 (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
#7 (root near/5 (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
#8 [mh "Dental plaque index"]
#9 (("dental plaque" or DMF or DFS or DFT or DMFT) near/3 (index or indices))
#10 [mh "Dental plaque"]
#11 ((dental or tooth or teeth) and plaque)
#12 {or #1-#11}
#13 [mh "Sugar alcohols"]
#14 ("sugar alcohol*" or polyol*)
#15 [mh ^"Sweetening agents"]
#16 sweetener*
#17 [mh Xylitol]
#18 xylitol
#19 {or #13-#18}
#20 #12 and #19

Appendix 3. MEDLINE (OVID) search strategy

1.    (teeth adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                                   
2.    (tooth adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                                   
3.    (dental adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                                   
4.    (enamel adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                                   
5.    (dentin adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                                   
6.    (root adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.                         
7.    exp TOOTH DEMINERALIZATION/                                
8.    Dental plaque index/                                 
9.    (("dental plaque" or DMF or DFS or DFT or DMFT) adj2 (index or indices)).mp.
10. Dental plaque/                                
11. ((dental or tooth or teeth) adj3 plaque).mp.                               
12. or/1-11                     
13. exp Sugar Alcohols/                                  
14. ("sugar alcohol$" or polyol$).mp.                        
15. Sweetening Agents/                          
16. sweetener$.mp.                             
17. Xylitol/                                  
18. xylitol.mp.                            
19. or/13-18                               
20. 12 and 19    

The above search will be linked with the Cochrane Highly Sensitive Search Strategy (CHSSS) for identifying reports of randomised
controlled trials (2008 revision) (as published in box 6.4.c in theCochrane Handbook for Systematic Reviews of Interventions, version 5.1.0,
updated March 2011) (Higgins 2011).
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1. randomized controlled trial.pt.
2. controlled clinical trial.pt.
3. randomized.ab.
4. placebo.ab.
5. drug therapy.fs.
6. randomly.ab.
7. trial.ab.
8. groups.ab.
9. or/1-8
10. exp animals/ not humans.sh.
11. 9 not 10

Appendix 4. EMBASE (Ovid) search strategy

1. (teeth adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
2. (tooth adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
3. (dental adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
4. (enamel adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
5. (dentin adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
6. (root adj5 (cavit$ or caries or carious or decay$ or lesion$ or deminerali$ or reminerali$)).mp.
7. Dental caries/
8. (("dental plaque" or DMF or DFS or DFT or DMFT) adj2 (index or indices)).mp.
9. Tooth plaque/
10. ((dental or tooth or teeth) adj3 plaque).mp.
11. or/1-10
12. exp Sugar Alcohol/
13. ("sugar alcohol$" or polyol$).mp.
14. exp Sweetening Agent/
15. sweetener$.mp.
16. Xylitol/
17. xylitol.mp.
18. or/12-17
19. 11 and 18

The above subject search was linked to the Cochrane Oral Health Group filter for identifying RCTs in EMBASE via OVID:

1. random$.ti,ab.
2. factorial$.ti,ab.
3. (crossover$ or cross over$ or cross-over$).ti,ab.
4. placebo$.ti,ab.
5. (doubl$ adj blind$).ti,ab.
6. (singl$ adj blind$).ti,ab.
7. assign$.ti,ab.
8. allocat$.ti,ab.
9. volunteer$.ti,ab.
10. CROSSOVER PROCEDURE.sh.
11. DOUBLE-BLIND PROCEDURE.sh.
12. RANDOMIZED CONTROLLED TRIAL.sh.
13. SINGLE BLIND PROCEDURE.sh.
14. or/1-13
15. (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.)
16. 14 NOT 15

Appendix 5. CINAHL (EBSCO) search strategy

S19 (S12 or S13 or S14 or S15 or S16 or S17) AND (S11 AND S18)
S18 S12 or S13 or S14 or S15 or S16 or S17
S17 xylitol
S16 (MH Xylitol)
S15 sweetener*
S14 (MH "Sweetening agents")
S13 ("sugar alcohol*" or polyol*)
S12 (MH "Sugar alcohols")
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S11 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10
S10 ((dental or tooth or teeth) and plaque)
S9 (("dental plaque" or DMF or DFS or DFT or DMFT) and (index or indices))
S8 (MH "Dental Plaque")
S7 (root and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
S6 (dentin and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
S5 (enamel and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
S4 (dental and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
S3 (teeth and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
S2 (tooth and (cavit* or caries or carious or decay* or lesion or deminerali* or reminerali*))
S1 (MH "Tooth demineralization+")

Appendix 6. Web of Science Conference Proceedings search strategy

#14 #9 and #13
#13 #10 or #11 or #12
#12 TS=sweetener*
#11 TS=("sugar alcohol*" or polyol*)
#10 TS=xylitol
#9 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8
#8 TS=((dental or tooth or teeth) and plaque)
#7 TS=(("dental plaque" or DMF or DFS or DFT or DMFT) and (index or indices))
#6 TS=(root and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
#5 TS=(dentin and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
#4 TS=(enamel and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
#3 TS=(dental and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
#2 TS=(teeth and (cavit* or caries or carious or decay* or lesion* or deminerali* or reminerali*))
#1 TS=(tooth and (cavit* or caries or carious or decay* or lesion or deminerali* or reminerali*))

Appendix 7. Proquest Dissertations and Theses search strategy

all((tooth or teeth or dental) and (decay or caries)) AND all(xylitol)

Appendix 8. US National Institutes of Health Trials Register (ClinicalTrials.gov) search strategy

xylitol and caries

Appendix 9. WHO International Clinical Trials Registry Platform search strategy

tooth decay and xylitol or caries and xylitol
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longest term data available'. We consider longer term data to be more valuable for caries prevention as we feel it will better demonstrate
whether or not an eIect is sustained.
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