
Xylitol Syrup for the Prevention of Acute Otitis Media

WHAT’S KNOWN ON THIS SUBJECT: Xylitol given as a gum or
syrup 5 times daily has been shown to reduce the incidence of
acute otitis media in children, but this dosing schedule is unlikely
to be feasible for many families.

WHAT THIS STUDY ADDS: A regimen of viscous xylitol syrup in
a dose of 5 g 3 times daily was ineffective in preventing
recurrences of acute otitis media in otitis-prone children.

abstract
BACKGROUND: Acute otitis media (AOM) is a common childhood ill-
ness and the leading indication for antibiotic prescriptions for US
children. Xylitol, a naturally occurring sugar alcohol, can reduce
AOM when given 5 times per day as a gum or syrup, but a more
convenient dosing regimen is needed for widespread adoption.

METHODS: We designed a pragmatic practice-based randomized controlled
trial to determine if viscous xylitol solution at a dose of 5 g 3 times per
day could reduce the occurrence of clinically diagnosed AOM among
otitis-prone children 6 months through 5 years of age.

RESULTS: A total of 326 subjects were enrolled, with 160 allocated to
xylitol and 166 to placebo. In the primary analysis of time to first clin-
ically diagnosed AOM episode, the hazard ratio for xylitol versus pla-
cebo recipients was 0.88 (95% confidence interval [CI] 0.61 to 1.3). In
secondary analyses, the incidence of AOM was 0.53 episodes per 90
days in the xylitol group versus 0.59 in the placebo group (difference
0.06; 95% CI –0.25 to 0.13); total antibiotic use was 6.8 days per 90
days in the xylitol group versus 6.4 in the placebo group (difference
0.4; 95% CI –1.8 to 2.7). The lack of effectiveness was not explained by
nonadherence to treatment, as the hazard ratio for those taking
nearly all assigned xylitol compared with those taking none was
0.93 (95% CI 0.56 to 1.57).

CONCLUSIONS: Viscous xylitol solution in a dose of 5 g 3 times per day
was ineffective in reducing clinically diagnosed AOM among otitis-
prone children. Pediatrics 2014;133:289–295
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Acute otitis media (AOM) is one of the
most common illnesses in childhood,
affecting 80% to 90% of children by the
age of 5 years1,2; more than 20% of US
children suffer recurrent AOM, usually
defined as 3 episodes within 6 months
or 4 within a year.1,3 AOM results in
more than 20 million office visits an-
nually in the United States,4 and is the
leading cause of antibiotic use among
US children, accounting for∼13million
prescriptions annually, 30% of all pe-
diatric antibiotic prescriptions.4,5 The
widespread use of antibiotics for AOM
has contributed to the dramatic in-
crease in antimicrobial resistance,
a major public health threat.

A promising approach for the pre-
ventionofAOMinvolves theuseof xylitol,
a 5-carbon naturally occurring sugar
alcohol.6 Xylitol has long been known to
have antibacterial properties, espe-
cially in suppressing the growth of
Streptococcus mutans, a major cause
of dental caries; xylitol chewing gum
has been shown to prevent dental de-
cay in children.7 Furthermore, in vitro
studies showed that xylitol suppresses
the growth of Streptococcus pneumo-
niae and reduces the epithelial cell
adhesion of both S pneumoniae and
Haemophilus influenzae,8–10 2 bacteria
that together account for ∼75% of all
AOM cases.11

The clinical use of xylitol to prevent
AOM was first described by Finnish
researchers in 1996. In a randomized
controlled trial, Uhari et al12 found that
children who chewed gum containing
1.7 g of xylitol 5 times daily had signif-
icantly fewer episodes of AOM and less
antibiotic use than controls. In 1998,
the same researchers reported results
of another randomized clinical trial,
which replicated their findings among
children old enough to chew gum, and
also demonstrated that, among youn-
ger children, xylitol given as an oral
solution in a dose of 2 g 5 times daily
reduced the incidence of AOM by 30%

over a 12-week study period.13 Despite
these findings, xylitol has not entered
widespread use, presumably because
consistent 5 times daily treatment is
infeasible for most families. The Finn-
ish investigators who performed the
original studies of xylitol for AOM pre-
vention attempted 2 strategies aimed
at more convenient use: 5 times daily
dosing given only during episodes of
upper respiratory illness14 and daily
xylitol solution dosed at 3.2 g 3 times
daily,15 both of which proved in-
effective.

The maximal dose of xylitol, like that of
all sugar alcohols, is limited by os-
motic diarrhea. To identify the maxi-
mal tolerated dose of xylitol solution in
young children, we previously con-
ducted a clinical trial examining the
effects of escalating doses of oral xy-
litol solution.16 We found that a dose of
5 g delivered 3 times daily was toler-
ated in infants as young as 6 months
of age, thus allowing a total daily dose
of 15 g, a 50% increase in the total
daily dose used in the negative 3 times
daily study by Uhari et al.15 Further-
more, after completion of our dosing
study, a viscous oral xylitol solution
became available that included 2
mucosal adherence agents (carboxy-
methylcellulose and potato starch)
intended to enhance the effect of xy-
litol by prolonging its contact with the
pharyngeal mucosa. Although pre-
viously studied xylitol solutions did
not contain such agents, this strategy
has been used in other medication
preparations intended to work at the
mucosal level.17 Therefore, by using
the 2 strategies of dose maximization
and mucosal adherence agents, we
designed a pragmatic randomized
controlled trial of viscous oral xylitol
solution given as daily prophylaxis in
a dose of 5 g 3 times daily to otitis-
prone children with the goal of reducing
episodes of clinically diagnosed AOM and
antibiotic use.

METHODS

We invited physicians from 3 pediatric
practice–based networks to partici-
pate: the Slone Center Office-based
Research Network at Boston Univer-
sity, the Pediatric Physicians’ Organi-
zation at Children’s (Boston), and the
North Carolina Child Health Research
Network at the University of North
Carolina. Participating physicianswere
asked to identify eligible subjects in the
course of their routine clinical practice
and, optionally, by reviewing medical
records for children who met screen-
ing criteria. When potentially eligible
subjects were identified and if the
parent/guardian (hereafter, “parent”)
agreed, parent contact information
was faxed or mailed to the study co-
ordinating center. Study staff then
telephoned the parent of each referred
child to confirm eligibility and obtain
informed consent. Inclusion criteria
consisted of the following: age 6 to 71
months, history of at least 3 clinically
diagnosed episodes of AOM in the
previous 12 months with at least 1 in
the previous 6 months, general good
health (defined as a lack of chronic
medical conditions requiring ongoing
pharmacologic treatment with the ex-
ception of acid suppression therapy for
gastroesophageal reflux disease and
treatment of asthma/reactive airways
disease), and English or Spanish speak-
ing. Potential subjects were excluded if
they had a history of tympanostomy
tubes or had diabetes mellitus or inborn
errors of metabolism (because of un-
certain effects of sugar alcohols in these
conditions).

Once informed consent was obtained,
subjects were randomized in a 1:1 ratio
to xylitol or placebo solution. The ran-
domization was stratified by referring
practice and arranged in randomly
permuted blocks of 2 and 4. The xylitol
solution(Xylarex;ArborPharmaceuticals,
Atlanta, GA) consisted of a 66.7%aqueous
xylitol solution with the addition of
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carboxymethylcellulose and potato
starch as mucosal adherence agents
and natural flavoring. The placebo
consisted of a 30% sorbitol solution
with identical additives that was in-
distinguishable in appearance and
taste from the active treatment; studies
have demonstrated that sorbitol, al-
though similar in appearance and taste
to xylitol, does not share its antibacte-
rial properties.10 The dose of each
syrup was 7.5 mL 3 times daily for 12
weeks (ie, 5 g xylitol per dose in the
active treatment group or 2.25 g sor-
bitol per dose in the placebo group).
After randomization, study materials,
including the blinded study syrup, ap-
propriate oral syringes, and a study
calendar, were shipped to the subject’s
home. A telephone interview was con-
ducted within 3 days of shipment de-
livery to ensure receipt of the study
materials and to review the study
protocol. Three follow-up telephone
interviews were conducted at ∼1, 2,
and 3 months after enrollment. In each
interview, the parent was asked
whether the subject had had any un-
scheduled visits to a health care pro-
vider since the previous contact and, if
so, for what reasons; a list of possible
reasons for such visits, including “ear
infection” among other common pedi-
atric illnesses, was then read to the
parent to ensure that all visits were
reported. Adherence was assessed by
asking the parent at each interview
how much of the recommended syrup
the subject had taken since the last
interview (“All or nearly all of the
doses,” “More than half of the doses,
but not all,” “Less than half of the
doses,” and “None or nearly none of the
doses”). At the end of the study, medi-
cal records from each subject’s pri-
mary care physician and from any
other health care provider whom the
parent identified as having treated the
subject during the study period were
obtained and reviewed by the principal
investigator (L.V.) in a blinded fashion.

For the primary outcome of clinical
diagnoses of AOM, the medical record
was considered the gold standard. For
those cases in which the medical re-
cord was not available, the parent’s
report of AOM diagnoses was used. Our
previous research has demonstrated
that parents’ recall of recent episodes
of AOM is highly accurate.18

We calculated that 408 evaluable sub-
jects would be needed to provide 90%
power to detect a 35% decrease in the
hazard rate for AOM. Such a decrease
would reduce the 3-month cumulative
incidence of AOM from the anticipated
60% in the placebo group (our a priori
estimate) to 45% in treated subjects. A
total of 304 evaluable subjects would
provide 80% power for the same effect.
All analyses were based on the intention-
to-treat principle. For the primary
analysis, we compared the time to
first clinically diagnosed AOMepisode
after randomization in the 2 study
groups using a proportional hazards
model. For secondary analyses, we
compared the proportion of subjects
in each group with no AOM episodes
and no antibiotic use by Fisher exact
test, as well as the incidence of AOM
episodes per 90 days and antibiotic
use per 90 days between groups by 2-
tailed t test. For the comparison of
incidence, rates were calculated in-
dividually (events divided by days of
enrollment), assuming a zero rate for
the 12 subjects with no follow-up. The
t test was weighted by duration of en-
rollment. The results were corrobo-
rated by Poisson regression comparing
event counts using length of enrollment
as an offset variable.

This project was approved by the in-
stitutional review boards of Boston
Children’s Hospital, Boston University
Medical Center, and the University of
North Carolina, Chapel Hill, and was
performed under Food and Drug Ad-
ministration Investigational New Drug
application number 107246. The study

was registered at www.clinicaltrials.
gov (NCT01044030). There were no fi-
nancial incentives paid to parents/
subjects or to enrolling practices, ex-
cept a nominal reimbursement for
staff time involved in referring poten-
tially eligible patents.

RESULTS

A total of 142 practices agreed to par-
ticipate in the study and 97 of them
referred 1 or more patients during the
recruitment period from March 2010
through March 2012. Study enrollment
and follow-up is summarized in Fig 1.
Overall, 778 children were referred to
the study for eligibility review; 452
were not enrolled. The remaining 326
were randomized with 160 allocated to
xylitol and 166 to placebo. Two subjects
in the xylitol group and 3 in the placebo
group declined further participation.
Four subjects in the xylitol group and 3
in the placebo group were lost to
follow-up without any outcome in-
formation. Medical records to identify
clinically diagnosed AOM episodes
during the 12-week study period were
obtained for 312 subjects (95.7% of
those enrolled).

Baseline characteristics comparing
subjects in the xylitol and placebo
groups are shown in Table 1. The 2
groups were comparable with respect
to demographics and known AOM risk
factors.

In the primary analysis of time to first
clinically diagnosed AOM episode, the
hazard ratio for subjects in the xylitol
group versus the placebo group was
0.88 (95% confidence interval [CI] 0.61
to 1.27; Fig 2). As a secondary analysis,
we examined the incidence of clinically
diagnosed AOM episodes and antibiotic
use (Table 2). There were 107 subjects
(66.9%) in the xylitol group and 105
subjects (63.3%) in the placebo group
who had no episodes of AOM during
their study participation (difference
3.6%; 95% CI –6.7% to 14.0%) and the
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incidence of clinically diagnosed AOM
was 0.53 episodes per 90 days in the
xylitol group versus 0.59 in the placebo
group, for an absolute difference of
0.06 fewer episodes per subject per 90
days in the xylitol group (95% CI for the
difference –0.25 to 0.13). Ninety-seven
subjects (60.6%) in the xylitol group
versus 93 (56.0%) in the placebo group
had no antibiotic use during their study
participation (P = .4). Total antibiotic
use was 6.8 days per subject per 90
days in the xylitol group versus 6.4 in
the placebo group for an absolute dif-
ference of 0.4 more days of antibiotic
use per subject per 90 days in the xy-
litol group (95% CI for the difference
–1.8 to 2.7). Of all antibiotics taken
during the study period, 1439 (78.2%)
of 1841 days of use were for AOM. The
incidence of AOM-related antibiotic use
was 5.2 days per subject per 90 days in

FIGURE 1
Enrollment flowchart.

TABLE 1 Baseline Comparison of Study Subjects

Characteristics Xylitol, n = 160 Placebo, n = 166 P Value

Age, mo, mean (SD) 22.3 (13.7) 21.5 (13.7) .6
Girls, n (%) 67 (41.9) 73 (44.0) .7
Race/Ethnicity, n (%) .9
White, non-Hispanic 110 (68.8) 114 (68.7)
Hispanic 25 (15.6) 22 (13.3)
Black, non-Hispanic 7 (4.4) 8 (4.8)
Other/unknown/refused 18 (11.3) 22 (13.3)

Out-of-home day care, n (%) 73 (45.6) 78 (47.0) .7
No. additional children in home, n (%) .6
0 44 (27.5) 52 (31.3)
1 70 (43.8) 58 (34.9)
2 or more 37 (23.1) 43 (25.9)
Unknown 9 (5.6) 13 (7.8)

Currently breastfeeding, n (%) 12 (7.5) 15 (9.0) .8
Ever breastfed, n (%) 119 (74.4) 110 (66.3) .3
Tobacco smoking in home, n (%) 28 (17.5) 26 (15.7) .7
Daily pacifier use, n (%) 44 (27.5) 48 (28.9) .7
Enrollment season, n (%) .97
Winter 43 (26.9) 45 (27.1)
Spring 77 (48.1) 81 (48.8)
Summer 23 (14.4) 25 (15.1)
Fall 17 (10.6) 15 (9.0)

Time from most recent AOM, d, mean (SD) 53.1 (38.9) 48.1 (35.3) .2
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the xylitol group versus 5.1 in the pla-
cebo group (absolute difference 0.1
days; 95% CI for difference –1.9 to 2.2).

In terms of adherence to the assigned
treatment, among subjects for whom
follow-up information was available, 43
(27.9%) of 154 subjects in the xylitol
group and 38 (23.8%) of 160 subjects in
the placebo group discontinued treat-
ment before the end of the study period
or the occurrence of the primary out-
come. The most common reasons were
gastrointestinal side effects (18 in the
xylitol group and 11 in the placebo
group), the subject refusing to take
the solution (8 in each group), and the
parent becoming toobusyorfinding the
treatment too difficult to administer

(8 xylitol, 5 placebo). To determine
whether adherence to therapy had an
effect on the primary outcome, we an-
alyzed the time to first AOM episode in
those subjects reported to have taken
all or nearly all of the assigned xylitol
syrup throughout the study period (n =
60) compared with those taking no xy-
litol (ie, placebo group plus subjects
assigned xylitol who took no study
syrup, n = 183). The hazard ratio for
those taking all assigned xylitol syrup
compared with this control group was
0.93 (95% CI 0.56 to 1.57).

No study-related serious adverse
events occurred in either study group.
Toestimate the frequencyof side effects
that might be attributable to the use of

xylitol, we examined the rates of parent-
reported diarrhea, flatulence, and ab-
dominal pain. As shown in Table 3, the
proportion of subjects experiencing
these adverse events and the incidence
of each did not differ between study
groups.

DISCUSSION

In this pragmatic practice-based clini-
cal trial, we found that viscous xylitol
syrup given in a dose of 5 g 3 times daily
did not appreciably reduce the time to
first clinically diagnosed AOM episode,
the incidence of AOM, or overall anti-
biotic use. Our primary result, a 12%
reduction in theAOMhazardrateamong
the xylitol group, was not significantly
significant, with the 95% CI ranging
from a 39%decrease to a 27% increase.

What are the most likely reasons that
xylitol treatmentwasnoteffective inour
study when it was found to be effective
in 2 previous clinical trials?12,13 One
possible explanation is that, in contrast
to the positive studies of Uhari et al,12,13

we enrolled only otitis-prone children
who had already suffered at least 3
episodes of AOM in the previous year
and who may have had middle ear
effusions at the time of enrollment.
Both positive Finnish studies enrolled
children with a range of AOM history,
from no episodes to more than 5, and
the second study (involving children of
a comparable age to our sample) only
enrolled children who were free of
middle ear effusion at the time of en-
rollment. We chose to enroll children
with a history of recurrent AOM and not
to exclude children with middle ear
effusions both to mimic what we would
expect to occur in real-world clinical
practice and because we think it is
highly unlikely that parents of children
without a history of AOM would choose
to give their children a daily preventive
treatment. However, children with
a history of recurrent AOM are likely
already to be heavily colonized with

FIGURE 2
Survival without clinically diagnosed AOM by study group, intention-to-treat analysis.

TABLE 2 Clinically Diagnosed AOM and Antibiotic Use According to Study Group

Xylitol, n = 160 Placebo, n = 166 Difference (95% CI) P

AOM
Subjects with no episodes, n (%) 107 (66.9) 105 (63.3) 3.6 (26.7 to 14.0) .6
Episodes per subject per 90 d, mean (SE) 0.53 (0.07) 0.59 (0.07) 20.06 (20.25 to 0.13) .6

Antibiotic use
Subjects with no use, n (%) 97 (60.6) 93 (56.0) 4.6 (26.1 to 15.3) .4
Days per subject per 90 d, mean (SE) 6.8 (1.0) 6.4 (0.7) 0.44 (21.8 to 2.7) .7
Days of AOM-associated use per subject

per 90 d, mean (SE)
5.2 (0.8) 5.1 (0.6) 0.1 (21.9 to 2.2) .9
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AOM-causing bacteria and thus may
not respond as well to xylitol as those
with no or only light colonization.19,20

This hypothesis deserves further study.

Another possibility is that, despite
a substantial increase in the amount of
xylitol per dose and per day over pre-
viousstudiesanddespite theadditionof
mucosal adherence agents to the xylitol
solution, 3 times daily dosing is still
insufficiently frequent to achieve a mea-
sureable reduction in AOM incidence.
However, if 5 (oreven4)dosesperdayare
required for a beneficial effect, xylitol
treatment may not be practical given the
poor adherence known to occur with
chronicmedicationdosingof4timesaday
or more.21,22

An additional possibility to explain our
principal finding may relate to the
definitionof theprimarystudyoutcome.
Our study compared the incidence of
clinically diagnosed AOM episodes be-
tween the study groups. AOMdiagnoses
weremadeby awide range of clinicians
and were not otherwise verified. We
chose this method of assessing the
primary outcome to mimic what we
would expect to occur in real-world
clinical practice.23,24 However, the di-
agnosis of AOM by practicing clinicians
is thought to be inexact25,26 and as-
suming that AOM diagnoses were
equally inaccurate in both study
groups, the overall effect would be to
bias the study toward a null result.
Yet, we believe that if the effective-
ness of xylitol as used in this study is

inadequate to reduce clinical AOM di-
agnoses and subsequent antibiotic
use, then it has limited utility in real-
world practice.

Finally, lack of adherence to the in-
tervention may be a reason for the lack
of observed effect. In the previous
clinical trials in which xylitol was found
effective, at least 3 of the 5 daily doses
were administered in a controlled day
care setting,12,13 whereas all of our
doseswere administered by parents or
other routine caregivers. In our study,
approximately two-thirds of subjects
completed the course of therapy
through the primary end point. This
adherence rate is similar to what is
known about adherence to chronic med-
ication treatment21,22 and reflects the
level of treatment likely to be achieved in
clinical practice. To evaluate whether
adherence was the main reason for
our lack of observed effect, we per-
formed a secondary analysis compar-
ing those with high adherence to the
xylitol treatment to those with no xylitol
consumption; this analysis did not
demonstrate a more protective effect
of treatment than the primary analysis,
suggesting that lack of adherence was
not the reason for our overall negative
result.

An important limitation of our study
was that itspowerwassomewhat lower
than planned. We anticipated having
90% power to detect a 35% decrease in
the AOM hazard rate but a post hoc
power calculation demonstrated that

our study had ∼80% power to detect
a 40% decrease in the hazard rate. Our
relative lack of power was due to 2
factors. First, the rate of AOM episodes
in the control group was lower than
expected with only 38% of subjects
experiencing an AOM episode during
the study period compared with the
expected 60%. Second, a smaller pro-
portion of subjects referred to the
study by their primary care providers
were successfully enrolled. The 778
patients referred to the study exceeded
our prestudy expectations, but we
were able to enroll only 326 of them,
lower than the number anticipated.
Despite this limitation, we believe our
study provides a clinically relevant
negative result in that treatment with
xylitol resulted in only an additional
3.6% of children remaining AOM-free
throughout their study participation,
with an upper 95% confidence limit for
this estimate of 14%. We feel this result
excludes a benefit sufficiently large for
most parents and clinicians to accept
the burdens of 3 times daily pro-
phylactic treatment.

CONCLUSIONS

Viscous xylitol syrup in a dose of 5 g 3
times daily was ineffective in reducing
the occurrence of clinically diagnosed
AOM among otitis-prone children.
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TABLE 3 Gastrointestinal-related Adverse Events According to Study Group

Xylitol,
n = 160

Placebo,
n = 166

Difference
(95% CI)

P

Diarrhea
Subjects with $1 episode, n (%) 80 (50.0) 84 (50.6) 20.6 (211.5 to 10.5) .9
Episodes per subject per 90 d, mean (SE) 0.85 (0.08) 0.77 (0.07) 0.08 (20.13 to 0.28) .5

Flatulence
Subjects with $1 episode, n (%) 32 (20.0) 35 (21.1) 21.1 (29.9 to 7.7) .9
Episodes per subject per 90 d, mean (SE) 0.26 (0.04) 0.26 (0.04) 0.00 (20.12 to 0.12) .99

Abdominal pain
Subjects with $1 episode 15 (9.4) 8 (4.8) 4.6 (21.0 to 10.1) .1
Episodes per subject per 90 d 0.14 (0.04) 0.06 (0.02) 0.07 (20.01 to 0.16) .09
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