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The preventive, and partly the remineralizing, effect of xylitol was shown in Finland in the Turku Sugar
Studies in 1971±73. Since then, several clinical trials in many countries have confirmed these results. In
Finland, oral health personnel have recommended daily use of xylitol chewing gum in their dental health
education. Moreover, commercial companies have advertised xylitol, emphasizing in particular its caries
preventive effects. All Nordic dental associations have given their recommendations for xylitol use. The
aim of this study was to describe how this health habit has been adopted by Finnish schoolchildren. The
study was part of the comprehensive cross-national survey on Health Behavior in School-aged Children
(HBSC Study)Ða WHO Collaborative Study. The data were collected using standardized questionnaires
to which pupils in grades 5 (11 years), 7 (13 years) and 9 (15 years) responded anonymously in school
classrooms during the spring term 1998. The response rate varied between 87% (15-year-old boys) and
94% (11- and 13-year-old girls). Among boys, the percentages of daily users of xylitol chewing gum were
47% (11 years), 46% (13 years), and 44% (15 years), and among girls, 57% (11 years), 65% (13 years), and
69% (15 years), respectively. Use of sugar-sweetened chewing gum was very rare (1%), as also was use of
chewing gum with other artificial sweeteners (1%). It may be concluded that since 1991 the use of xylitol
chewing gum has further increased in Finland and currently more than a half of all schoolchildren benefit
from it. &Adolescents; chewing gum; health behavior; xylitol
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The positive effects of xylitol on dental caries were
detected during clinical trials, the Turku Sugar Studies,
in Finland in 1971±73 (1). Xylitol chewing gum became
commercially available in Finland as early as in 1975, and
since that time several other clinical field studies in
different countries have confirmed the caries reduction
effect by regular use of xylitol chewing gum (Table 1).
Dental personnel in Finland adopted xylitol chewing gum
rapidly as an additional preventive method, and daily use
of xylitol chewing gum was included in routine dental
health education information.

In 1977, the frequency of daily use of xylitol chewing
gum among Finnish adolescents was still rare, at about 1%
(10), but it increased quite rapidly during the 1980s,
reaching 15% among boys and 32% among girls by 1991
(11). In a region near Turku, as many as 80% of all 3-year-
olds were using xylitol chewing gum (32% of them on a
daily basis) by 1990 (12). A special ªSmart Habitº Xylitol
campaign was organized in Finland in 1992, involving
7,700 13-year-old schoolchildren. Almost half (41%) of the
children involved in the campaign used xylitol chewing
gum on a daily basis, and this proportion increased during
the campaign by 6% (13). Also Finnish university students
have reacted favorably to the provision of xylitol chewing
gum with lunch: 66% recommended it unconditionally
and 31% of the rest accepted it (14). In addition, the
benefits of xylitol products have been recognized by
Finnish confectionery workers, 81% of whom considered
xylitol good for their dental health (15).

The aim of this study was to find out how common the

recommended habit of using xylitol chewing gum on a
daily basis was among Finnish schoolchildren.

Material and methods

The data for this study were collected as part of the Cross-
National Survey on Health Behavior in School-aged
ChildrenÐa WHO Collaborative Study. The philosophy
and methods have been described in more detail elsewhere
(16, 17). Standardized questionnaires were used, to which
pupils answered anonymously in school classrooms during
the spring term 1998. The sample (n = 4,864; Table 2) was
representative of 11, 13, and 15-year-old (in grades 5, 7,
and 9) Finnish schoolchildren. The response rate ranged
from 87% (15-year-old boys) to 94% (11- and 13-year-old
girls). Information concerning daily use of xylitol chewing
gum was collected by the question ªDo you use chewing
gum on a daily basis?º: (i) no; (ii) yes, sugar-sweetened
chewing gum, (iii) xylitol chewing gum, (iv) other
artificially sweetened chewing gum, (v) whatever chewing
gum available. The suitability of the questionnaire in
collecting information about the use of xylitol chewing
gum has been tested in the Finnish Adolescent Health and
Lifestyle Survey (10, 11). Information about age, gender,
school performance, and economic situation of family as
an indicator of socioeconomic status was also gathered,
because all of these factors are known to be associated with
the dental health behavior of children (10). The details of
these questions have been explained elsewhere (18). There



were two sources of non-response in the study: (i) schools
or classes that refused to participate and (ii) individual
pupils who refused to participate (informed consent) or
were absent on the data collection day. No attempt was
made to follow up on pupils who were absent on the day of
the survey. The data were cleaned according to the
consistent format of the study program at the University of
Bergen, Norway. Variations in the distribution of the
variables studied were analyzed using cross-tabulations
according to gender, age, child's self-reported school
performance, self-reported economic situation of family,
and self-reported toothbrushing frequency. Statistical
significances were calculated using the chi-squared test.
Likelihood ratios (LR) and their confidence intervals (95%
CI) were estimated for the use of xylitol chewing gum on a
daily basis. Gender (females compared to males), age (13-
and 15-year olds/11-year-olds), school performance (ex-
cellent and good/poor), economic situation of family
(good/average and poor), and toothbrushing frequency
(more than once a day/once a day and less than once a
day) were included in the logistic regression model.

Results

Bivariate analyses

Daily use of xylitol chewing gum was very common (43±
69%) (Fig. 1). More girls used xylitol chewing gum than
boys (P < 0.001). Among girls, daily use of xylitol increased
with age, but among boys it decreased slightly. The
frequency of using sugar-sweetened chewing gum was very
low, only 1%. Use of chewing gum sweetened by other
artificial sweeteners was also rare (about 1%).

Daily use of xylitol was not significantly associated with
self-reported school performance except among 11-year-
old girls (P = 0.012). Every other 11-year-old girl with
poor school achievement reported regular use of xylitol,
whereas 61% of those with excellent or good school
performance used xylitol chewing gum on a daily basis.

Daily use of xylitol chewing gum was associated with the
self-reported economic situation of the family only among
11-year-old boys. Every other 11-year-old boy reporting
that their family was well-off used xylitol daily, while
among boys from average and not well-off families the
respective figures were 43% and 27% (P = 0.023).

Regular toothbrushing frequency was strongly asso-
ciated with regular use of xylitol among 11- and 13-year-
old boys and girls, but not among 15-year-olds (Table 3).

Multivariate analyses

Gender (female) and toothbrushing frequency (more
than once a day) were the strongest explanatory factors of
regular use of xylitol chewing gum (Table 4), likelihood
ratios being 1.9 and 1.5.

Discussion

The use of xylitol chewing gum among children seems to
have increased consistently in Finland, now with over half

Table 1. Clinical trials of use of xylitol in different countries between the 1970s and 1990s

Author(s) Country Years Caries reduction (%)

Sheinin et al. (2) Finland 1972±74, 1973±74 67, 82
Galliulin (3) Soviet Union 1975±77 70
Kandelman et al. (4) French Polynesia 1981±84 37±39
Scheinin et al. (5) Hungary 1981±84 25±45
Kandelman & Gagnon (6) Canada 1980s (2 years) 65
Isokangas et al. (7) Finland 1982±84 33±46

1982±85 76
MaÈkinen et al. (8) Belize, Central America 1989±93 73
Alanen (9) Estonia 1994±96 50

Scoring criteria for all studies are not strictly comparable.

Table 2. Number of pupils (n) and response rates (%) in the Health
Behavior in School-aged Children Survey, Finland 1998

Boys Girls Total

Age group n % n % n %

11 years 822 89 869 94 1,691 92
13 years 805 90 823 94 1,628 92
15 years 770 87 775 88 1,545 88
Total 2,397 89 2,467 92 4,864 91 Fig. 1. Daily use (%) of xylitol chewing gum among Finnish school-

children in 1998.
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of all Finnish adolescents benefiting from daily use. The
popularity of this product has increased since the
Adolescent Health and Life-Style Surveys in Finland in
1979 (10) and 1991 (11) (Fig. 2). There may be several
explanations. Xylitol for caries prevention was initially
tested in Finland. There has also been commercial interest,
because for several years all xylitol and xylitol chewing
gums were produced in Finland. Xylitol chewing gum
manufacturers have been active in promoting its caries
preventive effect in their advertising. Finnish dentists have
strongly advocated the use of xylitol chewing gum
especially for high-risk group children who are reluctant
to make necessary dietary changes. With evidence
accumulating from different studies in different countries
(Table 1), Finnish dentists have become convinced of the
importance of xylitol in the caries prevention armamen-
tarium. The national recommendations of the Finnish
Dental Association further emphasize the role of xylitol in
dental health education and have increased public
awareness about the issue. The dental associations of all
Nordic countries have later accepted similar recommen-
dations for the use of xylitol products. Because it was a new
method, the public and individual patients often asked

their dentists about the theoretical background of the
preventive effect of xylitol. Currently, almost all dental
health educators (94±100%) include xylitol as a separate
topic in the dental health education they provide (19).
Moreover, Finnish children have been aware of the xylitol
issue, and on their initiative the Finnish Parliament passed
a special law exempting xylitol products from sweet
taxation in 1994.

The use of xylitol chewing gum has been found to be
more prevalent among girls than among boys. This has
also been observed in earlier studies (10, 11). Girls adopt
new health education messages more readily, and are
more health-oriented in their behavior than boys. In one
study, Finnish girls also demonstrated more health-
oriented behavior than their Irish counterparts (20). In
general, girls are also more concerned about their weight
and they might have been more willing to use xylitol
products because of the misconception that xylitol is a non-
caloric sweetener. It is noteworthy that as many as 31% of
university students considered xylitol as a low caloric
sweetener (21), although its caloric content is equal to that
of sucrose. A health-oriented motive could also explain the
increase of xylitol use in relation to age among girls. This
was consistent among girls but was not the case among
boys. However, the increase among girls approaching
puberty may well be a case of fashionable behavior
without further health interest, which could explain the
observed increase.

The frequency of toothbrushing also seemed to be
related to daily use of xylitol chewing gum when the
association between these two variables was studied
(bivariate analysis) (11). Use of xylitol in this study was
also studied using multivariate analysis. A logistic regres-
sion model is an appropriate way of examining the
simultaneous effects of several interrelated explanatory
factors. The factors which were included in the multi-
variate analysis are presented in Table 4. Gender and age
appeared to be powerful explanatory variables for this

Table 3. Daily use of xylitol gum associated with toothbrushing
frequency according to age and gender among Finnish school-
children in 1998

Toothbrushing frequency (%)

Gender and age
Less than

once a day �1
Less than

once a day
P-value and
significance

Boys
11-year-olds 55 46 36 0.0022**
13-year-olds 55 45 34 0.0003***
15-year-olds 48 42 43 0.3131 n.s.

Girls
11-year-olds 65 54 31 0.000***
13-year-olds 68 62 46 0.0032**
15-year-olds 71 65 59 0.0917 n.s.

*** P < 0.001, ** P < 0.01, n.s. = non-significant.

Table 4. Likelihood ratios (LR) and their 95% CI for daily use of
xylitol gum among Finnish schoolchildren in 1998 by gender, age,
school performance, economic situation of family and toothbrushing
frequency

Variable LR 95% CI

P-value and
significance

for LR

Gender (female/male) 1.87 1.65±2.10 0.0000***
Age (13±15/11 years) 1.16 1.02±1.32 0.0238*
School performance (excellent and

good/poor) 1.05 0.93±1.19 0.4456 n.s.
Economic situation of family

(good/average and poor) 1.16 1.03±1.31 0.0188*
Toothbrushing frequency (more

than once a day/once a day and
less than once a day) 1.54 1.35±1.75 0.0000***

*** P < 0.001, * P < 0.05, n.s. = non-significant.

Fig. 2. Daily use (%) of xylitol chewing gum among Finnish
schoolchildren in the Adolescent Health and Lifestyle Survey (AHLS)
in 1977 and 1991 (12-, 14-, 16- and 18-year-olds), and in the Health
Behavior in School-aged Children Survey (HBSC; this study) in 1998
(11-, 13- and 15-year-olds).
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behavior. School performance could be regarded as a
measure describing such individual factors as motivation,
intelligence, and pleasing or normative behavior, which
might to some extent also reflect the future socioeconomic
status (SES) of the child. The economic situation of the family
was a plain SES indicator, while toothbrushing frequency
was a conscious indicator of health behavior. In the analysis,
gender, age, economic situation of family, and toothbrushing
frequency were significant explanatory variables. Obviously
the economic situation of the family and toothbrushing
frequency were strongly interrelated, as in other studies
(11, 18). The non-significant association of school perfor-
mance was contrary to earlier findings (11). This may be
explained by the strong association between economic
situation of the family and toothbrushing frequency.

The habitual use of xylitol chewing gum seems to result
in a significant reduction in caries incidence in children
(Table 1). According to the study of Virtanen et al. (22),
the participation of subjects in a xylitol chewing gum trial
resulted in a significant reduction in the number of initial
restorations and hence in costs during the decade after the
onset of gum use. Xylitol could be very useful as part of a
preventive program especially during the maturation of
the permanent teeth. The benefits of prevention are
significant especially during vulnerable maturation periods
of the permanent molars immediately after eruption also
in combination with other preventive methods as sealants
(23) and intensified toothbrushing (24).

The aim in this study was to describe how adolescents
have adopted this already established preventive method
at national level. The high prevalence figures seem to
reflect a continuous and consistent increase of this habit in
Finland. The high prevalence of daily users of xylitol
chewing gum in Finland might be an important additional
explanatory factor for explaining the lowest DMFT figures
at the ages of 12 among industrialized countries together
with Australia and Switzerland (25).
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