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Abstract: Objective: To determine
the difference in level of dental caries
in adults and children who chew
sugar-free gum (SFG), compared with
those who do not chew SFG or use
alternatives such as lozenges, candies,
rinses, tablets, and other nonchewing
controls.
Methods: Systematic review of
published literature.
Results: Twelve studies of
interventions of SFG for dental caries
outcomes were included. SFGs were
found to significantly reduce caries
increment, giving a preventative
fraction (PF) of 28% (95% CI, 7% to
48%). Including the 8 trials that used
xylitol gum only as the basis of the
intervention, the PF was 33% (95%
CI, 4% to 61%). No adverse effects
were recorded. There was a high level
of heterogeneity among the trials
included.
Conclusion: The findings of this
review provide tentative evidence that
chewing SFG reduces caries increment

in comparison to nonchewing controls.
However, there is a considerable degree
of variability in the effect and the trials
included were generally of moderate
quality. There is a need for future
research to explore the acceptability
and feasibility of the use of SFG as a
public health intervention (PROSPERO
2018 CRD42018094676).
Knowledge Transfer Statement: The
results of this study can be used by
clinicians when deciding how best to
implement dental caries prevention
regimes for their patients. With
consideration of cost and patient
preference, this information could help
to develop national policy directives
on caries prevention and dictate the
direction of future clinical research.
Keywords: prevention, polyols, xylitol,
children, adults, clinical trials
Introduction
Despite improvements in oral health,
the burden of oral disease remains

high in both developing and developed
countries. Chewing sugar-free gum
(SFG) is emerging as a possible adjunct
to existing prevention strategies (Wessel
et al. 2016), through mechanisms such
as its stimulation of saliva, mechanical
plaque control, as well as acting as a
carrier for bacteriostatic ingredients
including xylitol and sorbitol (Van
Loveren 2004). The oral care benefits
of chewing SFG are recognized and
supported by regulatory bodies such as
the European Commission (European
Commission 2012a, 2012b) and the
European Food Safety Authority (EFSA
Panel on Dietetic Products, Nutrition and
Allergies 2010), as well as the FDI World
Dental Federation (FDI World Dental
Federation 2015), the United Kingdom
(UK) Oral Health Foundation (Oral
Health Foundation 2018) and numerous
other national dental associations
worldwide.
A number of prospective clinical
studies of caries incidence and SFG use
have been conducted over the past 40+
years (Moller and Poulsen 1973; Glass
1983; Isokangas et al. 1988; Kandelman
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and Gagnon 1990; Mäkinen, Bennett,
et al. 1995; Mäkinen, Mäkinen, et al. 1995;
Mäkinen, Hujoel, et al. 1996; Mäkinen,
Mäkinen, et al. 1996; Beiswanger et al.
1998; Kovari et al. 2003; Campus et al.
2013; Tao et al. 2013), together with
reviews of the available literature at the
time. Some include SFG as part of a
broader review of preventive products
(Rethman et al. 2011; Riley et al. 2015).
Others rely on expert opinion (Burt
2006; Ly et al. 2008). There are two
systematic reviews (Mickenautsch et al.
2007; Deshpande and Jadad 2008),
both of which are over 10 y old. Recent
research publications on the economic
benefits of increased consumption of
SFG in the UK and globally (Claxton
and Kay 2016; Rychlik et al. 2017), have
provided an opportunity to quantify the
oral care benefits of chewing SFG. This
includes developing further research
initiatives, and, in so doing, re-engaging
policy makers and regulatory agencies
to consider the inclusion of chewing
SFG, alongside established behaviors,
in guidelines to support improved oral
health. However, the broad applicability
of the findings of the economic
evaluations has been questioned. For
example, the UK health economic study
based its data modeling on results
from a single study published in 2001
conducted in Lithuania (Machiulskiene
et al. 2001). Similarly, the global
economic model was based on results
from 4 studies, published between
2000 and 2004, conducted in Lithuania,
Hungary, Estonia and China (Alanen
et al. 2000; Machiulskiene et al. 2001;
Szöke et al. 2001; Peng et al. 2004).
Therefore, there is a definite need
to update and refresh the existing
knowledge base in relation to SFG both
in relation to dental caries, but also its
effect on the broader aspects of oral
health. This paper will describe the
findings of a systematic review of studies
exploring the relationship between
use of SFG and dental caries as part
of a larger review of the role of SFG
in oral health. The research question
addressed in this manuscript is “What is
the difference in level of dental caries
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in adults and children who chew SFG,
compared with those who do not chew
SFG or use alternatives such as lozenges,
candies, rinses, tablets, and other nonchewing controls?”
Methods
Protocol and Registration

The methodology for this systematic
review was registered on PROSPERO
2018 (CRD42018094676).
Eligibility Criteria

Manuscripts reporting studies meeting
the following criteria were included:
•• Human participants: adults and
children
•• Primary research published from 1
January 1946 to 30 September 2018
•• Study designs: trials including randomized controlled trials (RCTs), crossover
trials, pre-post trials, pre-post 1-arm
trials, post-only trials and any design
with a comparative arm. Crossover
trials were required to have a minimum “washout period” of 1 wk
between intervention arms
•• English Language: the researchers
were unable to access translation facilities for non-English studies
Manuscripts reporting the following
were excluded:
•• Reports of reviews—systematic or narrative reviews
•• Nonexperimental studies
•• Laboratory-based studies
•• Follow-up studies of previous trials
where the original intervention / control allocation had been changed on
any basis, for example self-reported
behavior or assessed level of use of
active intervention
•• Conference abstracts that did not give
rise to subsequent full publication
Interventions

Studies that had the chewing of
SFG as the main intervention were
included. “Sugar” in this review refers to

monosaccharides (i.e., glucose, fructose,
galactose) and disaccharides (i.e., sucrose,
lactose, maltose). It does not include
polyols such as xylitol, sorbitol, or maltitol;
therefore, the use of these polyols in gums
satisfied “sugar-free” criteria.
Outcomes

Outcomes relating to an agreed list of
multiple oral health related outcomes
were examined. For the purposes of
this manuscript the following outcomes
relating to dental caries were included:
•• Decayed, Missing, Filled Teeth /
Decayed, Missing, Filled Surfaces
(DMFT/DMFS) increment
•• dmft/dmfs increment
In addition, data were collected on
adverse consequences (negative effects
and harm) of SFG that were reported
within the included studies, alongside
acceptability and implementation
methods that have been shown to lead
to greater adherence.
Information Sources and Search

The search strategy was designed and
undertaken by an information specialist
(S.D.G.). Search terms were based on both
Medical Subject Headings (MeSH) and
free text with combinations of chewing
gum, sugar free, caries, xerostomia, and
periodontal disease (see Fig. 1). Once
fully developed by searching 1 database
(Ovid Medline), the detailed search
was then adapted for all the relevant
databases with appropriate modifications:
Ovid MEDLINE, Ovid EMBASE, Ovid
PsycINFO, Scopus, Web of Science, Allied
and Complementary Medicine Database
(AMED), Cochrane Central Register of
Controlled Trials (CENTRAL), Open Grey,
as well as searching Prospero and the
Cochrane library of systematic reviews.
Reference lists of included studies and any
relevant systematic reviews identified were
also searched.
Study Selection

Initial screening of articles identified
in the database searches involved
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Figure 1. Search strategy for Ovid Medline, modified for other databases.
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independent screening of titles and
abstracts by two reviewers (O.A.,
A.B.), on the basis of the research
question (PICO [P (Problem, Patient,
Population), I (Intervention, Indicator),
C (Control, Comparator), O (Outcome)]
specification) and against the inclusion
and exclusion criteria. Following
this assessment, the full text of all
potentially relevant studies was checked
for eligibility. Disagreements between
reviewers were resolved by the input of
a third reviewer (J.T.N.). Study authors
were contacted when further clarification
was required to determine eligibility or
to ascertain methodological details. All
references from identified papers were
also reviewed to see if any additional
papers could be identified that met the
initial inclusion criteria, and 7 additional
papers were included (J.T.N.).
After data extraction, additional articles
were excluded for the following reasons:
the direct effect of SFG was not the
primary focus of intervention; trial design
(having a washout period of less than
7 d); outcomes were not relevant; they
did not involve SFG, or SFG alone, or
it was unclear if they actually included
SFGs; reviews/commentaries which
did not represent trials/experimental
studies; participants not analyzed in
their original allocated groups; full text
not available in English (a total of 15
papers were excluded because they were
not available in English. Only 6 of the
manuscripts excluded for this reason
related to caries outcome; the remaining
9 assessed plaque and salivary changes).
Meta-analysis was undertaken using
data recorded at baseline and at the
end of the study, regardless of when
this was. Where there were multiple
papers reporting outcomes at successive
time points, only the final time point
published was included. Where more
than 1 SFG was used, the results were
combined and this was compared to
the control group and separate analysis
was undertaken comparing xylitol SFG
to a control group. Separate analysis of
xylitol-only chewing gums was included,
since this appeared to be the most
frequently adopted SFG in trials and
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the investigators wished to determine
whether any recommendations could be
made for xylitol gum specifically. Where
the data for either the control or SFG
group was available at both baseline
and at the end of the study, the paired
data were re-created using the method
outlined by Borenstein et al. 2011. The
correlation between the baseline and
the end of study data was assumed to
be 0.95 for the control and 0.65 for the
SFG group. A sensitivity analysis was
conducted with the correlation set at
0.95 for the SFG group also.
Data Collection Process

Data were extracted from each
included study based on the predetermined list of outcomes of interest.
This was undertaken in duplicate by 3
reviewers (O.A., M.N., and J.T.N.) who
also developed and piloted the data
extraction form prior to extraction.
Two reviewers extracted the data
from all studies, calling on the third
reviewer in the case of disagreement.
A total of 29 study authors were
contacted. No response was received
from 14, and a further 7 responded
but were unable to provide the
information requested.
Data Items

Data on caries were recorded as above.
In addition, for each included study, data
were extracted on the potential effect
modifiers such as:
•• The intervention: who delivered it,
the setting, details of gum used (e.g.,
ingredients and concentrations), recommended usage (e.g., frequency of
use, duration of use)
•• Participant characteristics: age, socioeconomic status, sample size, diet, preexisting conditions, risk of population,
oral hygiene details
•• Relevant study details: number of participants in each arm at baseline and
included in analysis, number of withdrawals, follow-up period, washout
period, unit of randomization, unit of
analysis

•• Bibliographic details: author(s), title,
journal, country of origin, year of publication, trial design
Differences were resolved through
discussion and the input of a fourth
reviewer if necessary (A.B.). Study
authors were also contacted if there were
missing data. Where the same study
was reported across several different
publications, data were extracted just
once but all publications were used to
ensure data extraction was maximized
across all dimensions under investigation.
Risk of Bias in Individual Studies

Using the Cochrane tool for
assessing risk of bias (Higgins et al.
2011), 3 reviewers (O.A., M.N., and
J.T.N.) assessed all included studies
independently across 6 domains:
selection, performance, detection,
attrition, reporting, and “other” biases.
The option for disagreements to be
resolved through discussion, and with
the input of a fourth reviewer (A.B.) as
required, was available.
Summary Measures

Three summary measures were
calculated: the prevented fraction (PF),
standardized mean difference (SMD), and
standardized effect size (ES). The effect
size was calculated using the procedure
metaeff in Stata v15.1 (StataCorp LLC).
The metaan command in Stata v15.1 was
then used to conduct a random effect
maximum likelihood meta-analysis and
draw forest plots.
Risk of Bias across Studies

Whenever concerns were encountered
regarding incomplete data, data in
graphs or figures, pooled data, or
incomplete information on key elements
of the data extraction form, an attempt
was made to contact the authors for
clarification. If the authors could not be
contacted, the paper was excluded. If
the authors responded with clarification
or missing data, this information would
be communicated to the statistician
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Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of study identification, screening, and
inclusion.

for validity. If valid, the papers were
included and data extraction sheets were
completed.
Changes to Protocol Following
Commencement of Study

Following the commencement of the
study, the decision was made to exclude
studies with incomplete outcome data
unless contact with the authors could
ensure that the data were complete.
For the caries outcome data, no study
was excluded due to incomplete
data. Sensitivity analyses had been
planned based on the characteristics
of the participants and the risk of bias.
However, there was little variation across
the studies in these variables, so no
sensitivity analyses were conducted. In
the protocol, the analytical strategy stated

that analyses would include all covariates
(effect modifiers), but these were not
included in the analyses reported here.
Results
The search strategy identified 38
manuscripts which explored the impact
of chewing SFG on oral health outcomes,
across all aspects of oral health. Of these,
a total of 17 full-text articles reporting
the findings of 12 studies with dental
caries outcomes were included in this
systematic review—all of which were
included in the overall meta-analysis.
Of these, 8 studies had used xylitol
gum as the basis of the intervention and
so were included in a separate metaanalysis. Figure 2 shows the PRISMA
(Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) flowchart
for identification of manuscripts included
in this review. Table 1 summarizes the
characteristics of the studies included
in the review, including the mean caries
increments in each study arm within the
individual studies.
The analysis of the risk of bias within
individual studies included in the
review is summarized in Table 2. Of
the 12 studies included in the review,
11 (91.7%) were RCTs and 1 (8.3%) was
a pre-post study. The randomization
of participants was clear for the RCTs,
but there was a risk of bias in group
allocation for the crossover trials. For 7
of the trials, there was a high risk that
participants were aware of the arm of the
trial to which they had been allocated,
with the potential for bias that entails.
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Table 1.
Summary of Characteristics of the Included Studies.

Study

Intervention

FollowParticipant
up
Study
Characteristics Duration Design

Glass (1983)

Sorbitol gum
over 2 years

n = 540 children
aged 7–11 y

2y

RCT

No gum

Sorbitol gum
2x / d

Increment of dft

Control: 2.55
SFG: 2.53

Kandelman et al.
(1990)

Xylitol gum over
2 years

n = 274 children
aged 8–9 y

2y

RCT

No gum

Group 1: 15%
xylitol gum
Group 2: 65%
xylitol 3x / d

Increment of
dmft

Control: 4.6
SFG: 1.47

Beiswanger et al.
(1998)

Sorbitol gum
over 2 y

n = 1,402 children
aged 10–12 y

3y

RCT

No gum

Gum 3x / d

Increment of
dmft

Control: 8.58
SFG: 8.0

Hujoel et al.
(1999); Mäkinen,
Bennett, et al.
(1995); Mäkinen,
Mäkinen, et al.
(1995); Mäkinen,
Hujoel, et al.
(1996); Mäkinen,
Mäkinen, et al.
(1996); Mäkinen,
Hujoel, et al.
(1998)

Xylitol gum
Sorbitol gum
Xylitol/Sorbitol
mixture gum
Over 1 y;
5-y follow-up

n = 298 children
aged 6 y

5y

pre-post
trial

No gum

Xylitol gum
Sorbitol gum
Xylitol/Sorbitol
mixed gum
3x / d

Increment of
dmfs

Control: 4.0
SFG: 2.01

Alanen et al.
(2000)

Xylitol gum over
3y

n = 740 children
aged 10 y

5y

RCT

No gum

Xylitol gum
3x / d

Increment of
dmfs

Control: 1.7
SFG: 1.95

Machiulskiene
et al. (2001)

Xylitol gum
Sorbitol gum
Sorbitol /
carbamide
gum over 3 y

n = 602 children
aged 6–14 y

3y

RCT

No gum

Xylitol gum
Sorbitol/
carbamide
gum
Sorbitol gum
Control: gum

Increment of
dmft

Control: 8.3
SFG: 8.1

Kovari et al.
(2003)

Xylitol gum
over 1 y

n = 1,191 children
aged 4–5 y

6y

RCT

Tooth
brushing

Xylitol gum
3x / d

Increment of
dmfs

Control: 1.6
SFG: 1.2

Szöke and
Bánóczy (2005)

Sorbitol gum
over 2 y

n = 547 children
aged 7–11 y

2y

RCT

No gum

Sorbitol gum
3x / d

Increment of
dmfs

Control: 2.91
SFG: 1.95

Seki et al. (2011)

Xylitol gum over
3m

n = 161 children
aged 3–4 y

9m

RCT

Control:
gum

Xylitol gum
3x / d

Caries
development

Control: 1.8
SFG: 1.6

Al-Haboubi et al.
(2012)

Xylitol gum over
6m

n = 186 adults
aged over 60 y

6m

RCT

No gum

Xylitol gum
2x / d

Increment of
DMFS

Control: 1.21
SFG: 1.51

Alamoudi et al.
(2012); Hanno
et al. (2011)

Xylitol gum over
3m

n = 34 motherchild dyads

18 m

RCT

Fluoride
varnish

Xylitol gum
3x / d

Increment of
DMFT

Control: 4.91
SFG: –0.2

Tao et al. (2013)

Tea Polyphenol
containing
gum

n = 157 children
aged 8–9 y

2y

RCT

No gum

Control: gum
Tea polyphenol
containing
gum
3x / d

Increment of
dmft

Control: 1.15
SFG: 0.6

Control:
Group

Intervention
Arms

Outcome
Measure

Mean Caries
Increment /
Study Arm

dft, decayed/filled teeth; dmft, decayed/missing/filled teeth; dmfs, decayed/missing/filled surfaces; RCT, randomized controlled trial; SFG, sugar-free gum.
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Table 2.
Risk of Bias for the Included Studies.
Study
Design

Randomi
zation

Allocation
Concealment

Masking of
Participants

Masking of
Outcome
Assessors

Incomplete
Outcome
Reporting

Selective
Reporting

Other
Bias

Glass (1983)

RCT

Low risk

Unclear

High risk

Low risk

Unclear

Unclear

Unclear

Kandelman et al.
(1990)

RCT

Low risk

Low risk

Low risk

Unclear

Unclear

Unclear

Low risk

Beiswanger et al.
(1998)

RCT

Unclear

High risk

High risk

Low risk

Unclear

Unclear

Unclear

Pre-post
trial

High risk

High risk

High risk

Low risk

High risk

Low risk

Unclear

Alanen et al. (2000)

RCT

Low risk

Unclear

High risk

High risk

Unclear

Unclear

Unclear

Machiulskiene et al.
(2001)

RCT

Low risk

Low risk

Low risk

Unclear

High risk

Unclear

Unclear

Kovari et al. (2003)

RCT

Low risk

Unclear

High risk

High risk

Unclear

Unclear

Unclear

Szöke and Bánóczy
(2005)

RCT

Low risk

Unclear

Low risk

Low risk

Low risk

Unclear

Low risk

Seki et al. (2011)

RCT

Low risk

Low risk

Low risk

Unclear

High risk

Unclear

High risk

Al-Haboubi et al.
(2012)

RCT

Low risk

Low risk

High risk

Low risk

Unclear

Unclear

Low risk

Alamoudi et al. (2012);
Hanno et al. (2011)

RCT

Unclear

High risk

High risk

Unclear

Unclear

Unclear

Unclear

Tao et al. (2013)

RCT

Low risk

Low risk

Low risk

Low risk

Low risk

Unclear

Unclear

Study

Hujoel et al. (1999);
Mäkinen, Bennett,
et al. (1995);
Mäkinen, Mäkinen,
et al. (1995);
Mäkinen, Hujoel,
et al. (1996);
Mäkinen, Mäkinen,
et al. (1996);
Mäkinen, Hujoel,
et al. (1998)

RCT, randomized controlled trial.

For all trials except 1, it was unclear
whether the reported results included
all outcomes, or whether particular
outcomes had been selected to report,
with the possibility that there was a bias
toward the reporting of positive findings.
The results of the meta-analysis
are represented in Figure 3. In order
to account for the variations in
outcomes and the reporting of the
caries increment data, including the
ranges of the control and test SFG

arms between the studies, the PF was
calculated to produce a more clinically
meaningful outcome measure. The
use of SFG significantly reduced caries
increment (PF 28%; 95% CI, 7% to
48%; SMD 0.32; 95% CI, 0.09 to 0.54;
ES –0.33; 95% CI, –0.62 to –0.05).
There was a high degree of variability
among the estimates and a high level
of heterogeneity between studies with
I2 = 94.7%. Changing the correlation
between the baseline and end of study

data to 0.95 for the SFG gave similar
results (PF 30%; 95% CI, 8% to 51%;
SMD 0.35; 95% CI, 0.12 to 0.58; ES
–0.39; 95% CI, –0.73 to –0.06). In 6 of
the 12 studies, the confidence intervals
of the effect size estimate included zero,
suggesting no effect of the intervention.
A separate meta-analysis of trials
where the intervention involved xylitol
gum only was undertaken. Xylitol gum
reduced caries increment, but again,
there was a wide variability in the
7
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Figure 3. Meta-analysis of any SFG and dental caries using the random-effects model by date of publication. ES, effect size; SFG, sugarfree gum.

estimates of effect (PF 33%; 95% CI,
4% to 61%; SMD 0.39; 95% CI, –0.01 to
0.79; ES –0.40; 95% CI, –0.81 to 0.02).
There was a high level of heterogeneity
between studies with I2 = 91.5%.
No adverse events were reported in
any of the studies.
Discussion
This systematic review and metaanalysis confirms the effect of SFG in
reducing dental caries and the potential
for SFG to be considered an adjunct
to preventive oral health care regimes.
The overall effect size for all SFGs
(–0.30) compares favorably to other
preventive interventions, such as oral
health education (Stein et al. 2018) and
supervised toothbrushing programs (Dos
Santos et al. 2018), perhaps because
the chewing of gum not only increases
saliva flow but also acts as a behavior
incompatible with other caries risk
behaviors such as over-consumption of
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sugar-containing foods. A strength of
the studies reviewed was the duration
of follow-up, which ranged from 7 wk
to 6 y, with approximately two-thirds of
studies having a follow-up period of 2 or
more y. Given the current knowledge of
the natural history of the caries process,
it is critical that any future studies
incorporate a duration of follow-up that
is sufficient to reflect the outcomes of
the caries process.
There was a high level of heterogeneity
in the trials, both in terms of the dosage
and frequency of use of the SFGs, as well
as in the length of follow-up. Further
research is required to determine the
optimum balance between efficacy
and acceptability to the population
targeted. It is likely that the perceptions
of acceptability of the use of SFG will
vary across age and other sociocultural
characteristics of the targeted population.
The availability of SFG in society has
never been higher (Neiburg 2012).
There is also the possibility of additional

health benefits: evidence from a recent
Cochrane review suggests that for healthy
children and children with respiratory
infections, chewing xylitol gum helps
prevent acute otitis media in children
up to 12 y old (Hanno et al. 2011;
Azarpazhooh et al. 2016). In addition,
data on the cost-effectiveness of SFG as
an intervention is supportive (Claxton
and Kay 2016; Rychlik et al. 2017). The
majority of trials in this study recruited
children as participants, with only 1
trial having adult participants and 1
recruiting mother-child dyads. Caution
should be exercised in generalizing the
findings beyond children and young
people, however. There is a need to
determine whether the chewing of SFG
can be adopted as an intervention in
other groups that are at increased risk of
developing dental caries.
There are several limitations which
should temper the conclusions that are
drawn from this study. Studies not in the
English language were excluded. This
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meant that 6 studies relating specifically
to the relationship between SFG use
and caries were excluded—2 of those
studies reported findings for studies
which did contribute English language
manuscripts to this review. No attempt
was made to explore the possibility of
publication bias. Given the high degree
of heterogeneity identified in the metaanalysis, a sensitivity analysis would have
been useful to identify the variables that
contributed to the heterogeneity.
No adverse events were reported,
though this may in part be due to a lack
of data collection—few studies reported
active attempts to gather data on possible
adverse events. Given concerns about
the environmental impact of gum residue
and potential objections such as school
policies and perceived risks of choking
(Glass 1983), this is certainly an area
for future research and would benefit
from qualitative studies exploring the
perspectives of different socioeconomic
groups.
The search strategy was wide ranging
and comprehensive, including review
of the citations in all studies identified
in the electronic searches. The grey and
unpublished literature was not searched,
but this is likely to have omitted studies
with nonsignificant results. The quality
of evidence was variable and it is clear
that there is a need for better designed
trials which include reporting of adverse
events and measures of participant
compliance with the intervention. Ten
of the 14 studies were conducted on
children, and there is a need for further
studies in adult populations.
In conclusion, there is evidence to
support the use of SFG in the control of
dental caries in children. Further research
is required to assess the effect of SFGs on
caries incidence in adults and the specific
value of using xylitol in this regard.
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