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Abstract
Objective.—Xylitol, given as two grams orally five times-a-day, significantly reduces the incidence
of acute otitis media (AOM) in children. A less frequent dosing schedule, if tolerable and efficacious,
would promote the more widespread use of this treatment. We sought to determine the tolerability
and acceptability in young children of oral xylitol solution at doses of 5 grams three times-a-day
(TID) and 7.5 grams once daily (QD).

Methods.—The study was a three-month randomized placebo-controlled trial of the tolerability
and acceptability of oral xylitol solution in 120 children 6-36 months of age performed in the SCOR
Network.

Results.—Study withdrawals and unscheduled medical visits for gastrointestinal complaints did
not differ significantly among the study groups. The proportions of subjects in the xylitol TID group
who experienced excessive gas or diarrhea at months one, two, and three were 22.7%, 10.0%, and
14.3%, respectively, and in the xylitol QD group were 27.3%, 17.4%, and 14.3%, respectively, and
these did not differ from the placebo groups. The proportions who accepted the study solution easily
or with only minor difficulty at one, two, and three months in the xylitol TID group were 77.3%,
90.0%, and 90.5% and in the xylitol QD group, 77.3%, 82.6%, and 90.5%, respectively.

Conclusions.—Oral xylitol solution at dosages of 5 grams TID and 7.5 grams QD is well-tolerated
by young children. Given the potential for xylitol as a safe, inexpensive option for AOM prophylaxis,
clinical trials using these dosages of xylitol can be conducted.
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INTRODUCTION
Xylitol is a five-carbon sugar alcohol (also known as a polyol) found naturally in a wide variety
of plants, including fruits and vegetables such as plums, strawberries, raspberries, and
cauliflower, and produced in small amounts by human metabolism.(1)It is used widely as a
bulking agent in foods and as a low-calorie sweetener in medications, dental care products,
chewing gums, and candies.

Xylitol has long been known to suppress the growth of Streptococcus mutans, a major cause
of dental caries, and xylitol chewing gum has been shown to prevent dental decay in children.
(2-4) Randomized trials conducted in Finland have also demonstrated that xylitol taken in a
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regimen of 1.67 grams five times-a-day as a chewing gum or 2 grams five times-a-day as a
solution reduces the incidence of acute otitis media (AOM) by 35-40% in young children,(5,
6) presumably because of its antibacterial effects against Streptococcus pneumoniae and
Haemophilus influenzae.(7-9)

In dosages used in foods and candies, xylitol and other sugar alcohols appear to have few side
effects. The main limitation of the use of sugar alcohols is a dose-dependent osmotic laxative
effect, and in adults, xylitol is well tolerated in doses up to 100 grams per day.(1,10,11)
However, the tolerability of xylitol in children is not well understood, and this is particularly
so in infants and toddlers. In a dose-ranging study of xylitol in 13 children seven to 16 years
of age, some increase in flatulence was reported at doses of 45 grams per day, but no diarrhea
was seen with doses below 65 grams per day(12); in another study of xylitol tolerability in
diabetic children, only one subject out of 24 experienced diarrhea requiring discontinuation of
xylitol at a dose of 30 grams per day.(13) The Finnish studies of xylitol for AOM prevention
have also shown that 10 grams of xylitol daily, given as two grams five times-a-day, is well
tolerated in children as young as nine months of age.(5,6, 14)

For xylitol to be used more widely for AOM prevention, alternatives to the previously studied
five times-a-day regimen are needed.(15,16) One possible alternative would be to deliver a
total daily dose similar to that which has previously been shown effective in the Finnish studies,
but divided into fewer doses per day. While there are no dose-response data for xylitol in AOM
prevention, data on dental plaque prevention suggest a linear dose-response relationship.(17,
18) We therefore conducted, in infants and young children, a placebo-controlled tolerability
trial of oral xylitol solution at doses of 5 grams three times-a-day (TID) and 7.5 grams once
daily (QD).

SUBJECTS AND METHODS
The study was performed in the Slone Center Office-based Research (SCOR) Network, a
national pediatric research network of approximately 500 pediatricians and family physicians.
Physicians were recruited through a mailed invitation. In the course of their routine office
practices, participating physicians in turn recruited eligible subjects for the study. Inclusion
criteria were: age six to 36 months; history of at least two episodes of AOM in the previous
12 months; good general health; and English-speaking. Exclusion criteria were: history of
myringotomy tubes; intestinal malabsorption or chronic diarrhea; diabetes mellitus; any inborn
errors of metabolism; parent (or guardian) unreachable by telephone; current use of any oral
prescription medication; or a diagnosis of AOM in the previous two weeks. Informed consent
was obtained by the enrolling physicians and faxed to the investigators.

Subjects were randomized to one of four groups: xylitol 5 grams TID; placebo TID; xylitol 7.5
grams QD; or placebo QD. A dilute solution of sorbitol (5%) was chosen as the placebo because
it provided a similar taste to the xylitol solution but contained a sorbitol content below that
expected to cause any gastrointestinal effects.(19,20) Dosing for the TID groups consisted of
20 mL TID of a 25% aqueous xylitol solution or a 5% aqueous sorbitol solution given after a
morning meal/bottle, a mid-day meal/bottle, and at bedtime by oral syringe or clean bottle or
cup. Dosing for the QD group consisted of 20 mL QD of a 37.5% aqueous xylitol solution or
a 5% sorbitol solution given at bedtime by oral syringe or clean bottle or cup. Parents were
instructed that no food or fluids should be offered to the subject for 30 minutes after the study
solution was given. If the child refused to take the study solution after multiple attempts, parents
were instructed that they could mix the study solution with up to an equal volume of formula,
milk, juice, or water.

Subjects were to be given the study solution daily for three months. Parents were contacted by
telephone monthly for a structured, computer-assisted interview to determine tolerability of
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the study solution, as well as the occurrence of adverse effects, unscheduled medical visits,
and hospitalizations.

The study was approved by the Boston University School of Medicine Institutional Review
Board and was performed under IND #66,964 from the U.S. Food and Drug Administration.

Statistical Analyses
Comparisons of proportions between the xylitol and placebo groups were performed by
Fisher’s exact test. SPSS version 11.0 and SAS version 9.1 were used for statistical analyses.

RESULTS
Twenty-four physicians enrolled 191 subjects for the study and 120 subjects were randomized.
Study enrollments, completion, withdrawals, and losses to follow-up are summarized in Figure
1. Subject demographics are shown in Table 1.

Sixteen subjects withdrew from the study, seven due to gastrointestinal side effects (Table 2).
Three withdrawals due to gastrointestinal side effects occurred in the xylitol TID group (10.0%,
95%CI 0-20.7) compared to one in the placebo TID group (3.3%, 95%CI 0-9.8; p for
comparison=0.6) and two occurred in the xylitol QD group (6.7%, 95%CI 0-15.6) compared
to one in the placebo QD group (3.3%, 95%CI 0-9.8; p for comparison=1.0). The median age
of the five children from the xylitol groups who withdrew due to gastrointestinal side effects
was 9.7 months (range: 8.2-12.7) and their median weight was 9.1 kg (range: 7.9-11.4).

Unscheduled medical visits for gastrointestinal complaints (abdominal pain, excessive gas,
diarrhea, or vomiting) did not differ significantly among groups for months one, two, or three
of the study (Table 3).

The proportion of subjects in the each study group who experienced excessive gas or loose
stools/diarrhea at months one, two, and three are shown in Figure 2. The relative risks (95%
confidence intervals) for the occurrence of excessive gas or loose stools/diarrhea at months
one two, and three for subjects receiving TID xylitol versus TID placebo were 1.0 (0.3-3.0),
0.6 (0.1-2.8), and 1.5 (0.3-8.1), respectively. The corresponding relative risks for those
receiving QD xylitol versus QD placebo were 1.4 (0.5-3.9), 4.5 (0.5-37.6), and 1.6 (0.3-8.9),
respectively. The median age and weight of those in the xylitol groups reporting excessive gas
or loose stools/diarrhea was 16.1 months (range: 7.2-28.2) and 10.4 kg (range: 7.9-15.0).

Most subjects accepted the study solutions easily or with only minor difficulty, with little
difference between xylitol and placebo groups (Figure 3). The proportions who accepted the
study solution easily or with only minor difficulty at one, two, and three months in the xylitol
TID group were 77.3%, 90.0%, and 90.5%, respectively and in the xylitol QD group, 77.3%,
82.6%, and 90.5%, respectively.

As noted, parents were offered the option of mixing the study solution with no more than an
equal volume of formula, milk, juice, or water if the child repeatedly refused to take the study
solution. The mixing option was used by two subjects in the xylitol TID group, five subjects
in the xylitol QD group, nine subjects in the placebo TID group, and six subjects in the placebo
QD group.

Acceptable adherence, defined as taking at least half of the recommended doses of study
solution over the previous month, was achieved at one, two, and three months by 59.1%, 50.0%,
and 57.1%, respectively in the xylitol TID group, and by 77.3%, 60.9%, and 57.1% respectively
in the xylitol QD group; none of these proportions differed significantly from the relevant
placebo groups (Figure 4).
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DISCUSSION
Xylitol offers an attractive option for prevention of AOM in young children and two studies
have demonstrated its efficacy when given in a regimen of 1.67 or 2 grams five times-a-day.
(5,6) Despite this evidence, xylitol is not used widely for AOM prevention for perhaps two
key reasons: the five times-a-day dosing schedule is impractical for most families and concerns
remain about possible gastrointestinal side effects, especially among infants. This pilot study
was designed to test whether alternative regimes of 5 grams TID and 7.5 grams QD would be
tolerated by children between the ages of six months and three years old. The regimens were
chosen to approximate the total daily dosage used in the successful five times-a-day AOM
prevention trials (i.e., 8.35 to 10 grams per day) but delivered in fewer daily doses. They were
also based on the limited published evidence of the tolerability of xylitol in children.(5,6,
12-14) Subjects generally tolerated the xylitol solution well, with only three withdrawals due
to gastrointestinal side effects out of the 30 subjects assigned to TID xylitol and two out of 30
subjects assigned to QD xylitol. While the number of subjects withdrawing due to
gastrointestinal side effects in the xylitol groups were not significantly different from those in
the placebo groups, it is notable that the median age of those who withdrew from both xylitol
groups was 9.7 months compared to 17.1 months for all study subjects, and the median weight
of the withdrawals was 9.1 kg compared to 10.9 kg for all study subjects. This suggests that
infants may be more prone to significant gastrointestinal side effects of a given dose of xylitol
than slightly older children, but further research would be needed to confirm this preliminary
observation.

The milder and expected side effects of excessive gas or loose stools/diarrhea did not occur
with a significantly greater frequency among subjects receiving xylitol compared to placebo,
assessed either by unscheduled medical visits for gastrointestinal symptoms or parental report
of symptoms. Furthermore, the rates of reported diarrhea among the study subjects were similar
to baseline rates of parent-reported diarrhea in healthy young children.(21)

The median age and weight of those in the xylitol groups whose parents reported mild
gastrointestinal side effects was not materially different from the entire study cohort (16.1
months vs. 17.1 months and 10.4 kg vs. 10.9 kg, respectively), so these side effects do not
appear to be particularly age- or weight-dependent. It has been shown that adaptation to xylitol
and other sugar alcohols occurs rapidly, such that the laxative effect diminishes within several
days of beginning regular use(1,11,12); we saw a suggestion of this phenomenon in the
declining rate of gastrointestinal side effects in the xylitol groups from month one compared
to months two and three.

The xylitol solution was readily accepted by the majority of subjects despite the fact that it
consisted simply of xylitol dissolved in distilled water. Adherence to the three-month treatment
regimen was reasonable, with half to three-quarters of subjects reportedly taking all or most
of the recommended doses at each time point. This adherence rate compares favorably to
adherence rates for children on chronic medications in general.(22) Better palatability and
therefore adherence could likely be achieved with added flavoring and/or coloring to appeal
to young children.

Overall, this pilot study demonstrates that oral xylitol solution at dosages of 5 grams TID and
7.5 grams QD is reasonably well-tolerated by and acceptable to children in the age range of
highest risk for recurrent AOM. Given these results and the potential for xylitol as a safe,
inexpensive option for AOM prophylaxis, formal clinical trials using these dosages of xylitol
can be conducted to determine their clinical efficacy.
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Figure 1.
Diagram of study enrollments and follow-up
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Figure 2.
Proportion of subjects reporting excessive gas and/or loose stools by month and study group
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Figure 3.
Proportion of subjects who took the study solution easily or with only minor difficulty by month
and study group
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Figure 4.
Proportion of subjects who took all or most of the recommended doses of study solution by
month and study group
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Table 1
Demographics of study subjects

Xylitol 5g TID n=30 Placebo TID n=30 Xylitol 7.5g QD
n=30 Placebo QD n=30

Number Female (%) 13 (43.3) 15 (50.0) 14 (46.7) 17 (56.7)
Age in months, median
(range) 14.9 (6.5-32.6) 19.8 (8.3-31.5) 17.9 (7.8-26.4) 15.9 (6.3-29.2)
Weight in kg, median (range) 10.8 (6.8-15.0) 11.1 (3.6-14.6) 10.5 (8.4-15.0) 11.4 (6.4-13.6)
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Table 2
Reasons for study withdrawals

Xylitol 5g TID
n=30 Placebo TID n=30 Xylitol 7.5g

QD n=30 Placebo QD n=30

Gastrointestinal side effects 3 1 2 1
Too much work/child wouldn’t take 1 3 0 0
Myringotomy tubes placed 0 0 2 0
Other 0 2 0 1

Int J Pediatr Otorhinolaryngol. Author manuscript; available in PMC 2008 January 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vernacchio et al. Page 13

Table 3
Unscheduled medical visits for gastrointestinal complaints, number (%)

Xylitol 5g TID Placebo TID p Xylitol 7.5g QD Placebo QD p

Month 1 1 (4.6) 1 (4.6) 1.0 1 (4.6) 2 (8.0) 1.0
Month 2 2 (10.0) 0 (0.0) 0.2 1 (4.4) 1 (3.9) 1.0
Month 3 1 (4.8) 1 (4.8) 1.0 0 (0.0) 0 (0.0) 1.0
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