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ABSTRACT
Objectives: The objectives of the present study were to assess the consumption of acidic beverages,
knowledge and concern about preventing dental erosive wear, and to examine potential associations
between these variables, in a sample of high school students.
Materials and methods: A survey measuring acidic beverage consumption, knowledge and concern
about erosive tooth wear was conducted at 13 high schools in Rogaland county, Norway.
Results: Of the 850 students who completed the questionnaire, 26% reported that they drink acidic
beverages every day. There were significant gender differences for the consumption of acidic drinks.
The survey also demonstrated that a high proportion of students lacks basic knowledge of what ero-
sive tooth wear is, and that this lack of knowledge is associated with a more frequent intake of acidic
beverages. However, students who responded that they are concerned about preventing dental ero-
sive wear reported that they drink soft drinks and energy drinks less frequently than students who are
not concerned about this.
Conclusions: Results from this study support assumptions about a lack of knowledge about dental
erosive wear in youth, and that this lack of knowledge is associated with a more frequent intake of
acidic drinks.

ARTICLE HISTORY
Received 27 November 2019
Revised 18 March 2020
Accepted 21 April 2020

KEYWORDS
Oral health; adolescents;
acidic beverages;
knowledge; dental
erosive wear

Introduction

Knowledge and prevention of caries have drastically reduced
the prevalence of caries in Norwegian youth over the last
decades [1]. In comparison, there has been little focus on
erosive lesions, even though both research and practice
report high prevalence of this kind of dental damage in ado-
lescents. Two recent Norwegian studies reported prevalences
of 59% [2] and 38% [3] among 16–18-year-olds (n¼ 795) and
16-year-olds (n¼ 392), respectively. In a Swedish survey of
prevalence and risk factors among 15- and 17-year-olds
(n¼ 1071), the incidence was somewhat lower, but still size-
able; 28% and 34%, respectively [4]. Moreover, a systematic
review from 2015 has estimated the global prevalence of
erosive wear in permanent teeth of adolescents to approxi-
mately 30% [5]. Several studies also show that boys have a
higher incidence than girls [6–9]. The high incidence of den-
tal erosive wear is problematic since the damage is irrevers-
ible. The erosive process results in softening of enamel and
dentine, and loss of tooth substance, which may give rise to
both aesthetic, orthodontic and functional complications
and/or endodontic impact including sensitivity to cold and
pain [10–12]. Dental erosive wear may be caused by internal
or external factors. Internal factors include gastroesophageal

reflux and eating disorders with vomiting, while intake of
acidic foods and drinks are external factors. A high intake of
acidic beverages is considered to be the main external cause
of erosive tooth wear among today’s adolescents [4,13–16],
and a higher consumption of acidic drinks has been shown
in boys compared to girls [17]. In line with this, Skudutyte-
Rysstad et al. [18] found associations between erosive wear
and daily consumption of acidic beverages and between ero-
sive wear and gender in Norwegian 18-year-olds. In a
Swedish study among adolescents aged 13–19 years,
Hasselkvist et al. [16] found that a high intake of soft drinks
was significantly associated with a generally unhealthy life-
style and an increased incidence of both erosive lesions and
caries (DMTF/DMTS). Other studies have found associations
between soft drink consumption and overweight, screen
time (TV, PC, etc.), participation in team sports and other
physical activities [19–21]. Research also suggests that ado-
lescents have insufficient knowledge about erosive tooth
wear [22–24]. In a qualitative study by May and Waterhouse
[22], 8–9-year-olds and 13–14-year-olds from two different
socio-economic groups were divided into four focus groups
(four boys and four girls in each group) and asked what
effects they thought different types of beverages could have
on their teeth. Results from this study demonstrated that
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knowledge about the effects of beverages on teeth was con-
fused. The 13–14-year-olds from the high socio-economic
status group knew that acidic beverages were harmful to
their teeth, but thought that they rotted them. The partici-
pants in the other groups believed that sugar in beverages
eroded the teeth. A Norwegian survey of 13–20-year-olds
(n¼ 222) reported that 52% of the participants lacked know-
ledge about the causes of dental erosive wear, 23% had
some knowledge, while 25% had good knowledge [24]. In a
recent Dutch survey among young adults aged 20–25 years
(n¼ 331), inadequate knowledge of erosive wear was also
revealed. While the majority (71%) was aware of the defin-
ition of dental erosive wear, only half (52%) of the partici-
pants were aware of external causal factors (intake of acidic
foods and beverages), and even less (42%) were aware of
the consequences of such damage to the teeth [23]. This sur-
vey also showed that participants who previously had
received or searched for information about dental erosive
wear, and who had a higher level of education, had a signifi-
cantly higher level of knowledge about erosive wear when
controlled for factors such as gender, living situation, work
situation and frequency of dental visits. A recent review by
Gulati and Mittal [13] emphasized that it is a problem that
many people are not aware of the damaging effects of
acidic beverages.

In the field of consumer psychology, a distinction is often
made between subjective and objective knowledge.
According to Park and Lessig [25], subjective knowledge con-
stitutes an individual’s perceptions of his/her own knowledge.
Objective knowledge, however, is often described as actual,
or fact-based, knowledge stored in the individual’s memory
[26]. When it comes to subjective knowledge, it is reasonable
to assume that people who report high levels of such know-
ledge about a topic, object/product or behaviour, believe
that they have sufficient knowledge, and thus do not have
to worry about potential negative consequences of insuffi-
cient knowledge. In terms of objective (actual) knowledge, it
is important to note that high levels of such knowledge are
only advantageous if the person is conscious of his/her own
level of knowledge [27]. In the present context, this might
suggest that adolescents who are not conscious of, or care
about, their own objective knowledge of erosive tooth wear,
are less concerned about potentially adverse consequences
when consuming acidic beverages. However, it is also rea-
sonable to assume that adolescents who are concerned
about preventing dental erosive wear will be conscious of,
and try to limit, the intake of acidic beverages. Based on
these assumptions, the aims of the present study were to
assess the consumption of acidic beverages, subjective- and
objective knowledge, and concern about preventing erosive
tooth wear in a sample of high school students, and to
examine potential associations between these variables.

Materials and methods

Participants and procedures

In October 2018, a survey was conducted in a convenience
sample of students attending 13 high schools in Rogaland

county, Norway. Students aged 15–20 years attending gen-
eral or vocational studies were included, while students in
adapted educational programmes were not. In total, 889 stu-
dents completed the questionnaire. After reviewing the raw
data, 39 observations were excluded: four as a result of
unserious completion, 17 as a result of affiliation to adapted
educational programmes, and 18 because of age > 20 years.
The final sample consisted of 850 students where 59% were
female and 86% were of Norwegian/Nordic ancestry. Sixty-
seven percent attended general studies, while 33% attended
vocational study programmes. The average age was 17 years
(standard deviation: 1.10). Dental hygienists, dentists and
community nurses recruited participants for the survey by
standing at booths located in the high school entries or can-
tinas. The students were verbally informed about the survey
and invited to fill out a two-page questionnaire with ques-
tions about consumption of various types of beverages (both
acidic and ‘neutral’), knowledge and concern about dental
erosive wear. Students who wished to participate gave their
consent by completing the questionnaire. The participants
received a toothbrush and toothpaste after filling out the
questionnaire, and were offered the opportunity to partici-
pate in a raffle with the chance to win a small prize (blue-
tooth loudspeaker or movie tickets). Participation in the
raffle could not be linked to the questionnaire, which was
totally anonymous. There was no need for the survey to be
approved by the Regional Ethics Committee (REC) or the
Norwegian Centre for Research Data (NSD), since the partici-
pants were fully competent to give their consent and since
the information that was collected was neither of a sensitive
nature, nor could it be traced back to individuals.

Questionnaire

The questions were developed based on previous investiga-
tions and in cooperation with researchers and dental staff at
the Oral Health Centre of Expertise in Rogaland, Norway. The
questionnaire was pre-tested on representatives from the tar-
get group (one boy aged 15, three girls aged 19), and revi-
sions were made based on their feedback. The consumption
of 12 different types of beverage (seven acidic and five
‘neutral’ ones) was measured with the question ‘How often
do you drink the following types of beverage during the
course of a week?’. Nine response options were given: never/
rarely (1), one day/week (2), two days/week (3), three days/
week (4), four days/week (5), five days/week (6), six days/
week (7), every day (8) and several times every day (9). The
responses were recoded to create a common denominator
reflecting consumption in days/week (0–7) before further
analyses were undertaken (i.e. 1¼ 0 days/week, 2¼ 1 day/
week… 8¼ 7 days/week, 9¼ 7 days/week). Since the pre-
sent study focussed on acidic beverage consumption, data
on the five ‘neutral’ types of drinks (i.e. milk, coffee, iced cof-
fee, tea, tap water) were excluded from the analyses.
Knowledge about dental erosive wear was measured using
eight statements. Two statements were designed to measure
subjective knowledge: ‘I know what erosive tooth wear is’
and ‘I know how erosive tooth wear occurs’. Six statements
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were designed to measure objective knowledge: ‘Erosive
tooth wear can be prevented (avoided) by brushing your
teeth after consumption of acidic beverages’, ‘Erosive tooth
wear can be prevented (avoided) by spreading out the con-
sumption of acidic beverages throughout the day’, ‘Erosive
tooth wear can be prevented (avoided) by concentrating the
consumption of acidic beverages to short periods of time
during the day’ (reversed), ‘Erosive tooth wear is reversible
(can be repaired/disappear)’, ‘Erosive tooth wear can be
reversed by good dental hygiene (e.g. regular brushing of
teeth)’ and ‘Erosive tooth wear can be reversed through den-
tal treatment’. The knowledge statements were designed so
that high scores for subjective knowledge indicated strong
beliefs in one’s own knowledge about dental erosive wear,
whereas high scores for objective knowledge indicated defi-
cient factual knowledge about dental erosive wear. Thus, the
term ‘deficient objective knowledge’ will be used throughout
the subsequent parts of this paper. Concern about prevent-
ing dental erosive wear was measured using one statement:
‘I am concerned about preventing erosive tooth wear’.
Response options for the knowledge and concern measures
were provided on a five-point Likert scale: totally disagree
(1), somewhat disagree (2), neutral/neither agree nor dis-
agree (3), somewhat agree (4) and totally agree (5). The
questionnaire also included questions about sociodemo-
graphic variables (gender, age, ethnicity, and field of study).
These variables were used to describe the sample, to investi-
gate gender differences and as control variables in
model analyses.

Statistical analyses

All analyses were conducted using IBM SPSS Statistics for
Windows, Version 24.0 (IBM SPSS Statistics, Armonk, NY).
Initially, a psychometric evaluation of the knowledge meas-
ures was carried out to investigate the factor structure and
reliability of this battery of questions, and to condense the
knowledge data for subsequent testing of associations
between knowledge about dental erosive wear and con-
sumption of acidic beverages. The psychometric evaluation
included factor analysis and computation of internal consist-
ency reliability (Cronbach’s alpha). We used Hair et al.’s [28]
recommendations for assessment of the appropriateness of
our data for factor analysis: a correlation matrix with coeffi-
cients >0.30, a KMO value �0.60 and a significant Bartlett’s
test (p< .05). The Kaiser criterion (Eigen value > 1) and
Oblique rotation (based on assumptions about inter-correla-
tions between items belonging to different factors) were
used to determine the factor structure of the data. Factor
loadings �0.40 were used as criteria for convergent validity,
whereas cross-loadings of < 0.40 were used as criteria for
discriminant validity [28]. The evaluation also included omis-
sion of overlapping/redundant statements from further anal-
yses. Internal consistency reliability (Cronbach’s alpha) was
classified as alpha � 0.60¼ acceptable and alpha �
0.70¼good [29]. Descriptive analyses included relative fre-
quencies of agreement (i.e. the combined scores for some-
what agree and totally agree) for each of the knowledge

statements, in addition to the calculation of means, standard
deviations, skewness and kurtosis for all study variables. In
line with Kline [30], we used cut-off values of ±3 and ±8 for
skewness and kurtosis, respectively. Independent samples t-
tests were used to reveal potential differences between gen-
ders regarding the consumption of acidic beverages. Prior to
model analyses, bivariate correlation analyses were per-
formed to test for multicollinearity between independent
variables. We used a cut-off value of �0.80 for multicollinear-
ity as proposed by Haerens et al. [31]. Multiple linear regres-
sions were run to explore potential associations between
consumption of acidic beverages, subjective knowledge, defi-
cient objective knowledge and concern about preventing
dental erosive wear. More specifically, three models were
tested: one model with ‘all acidic beverages’ (i.e. the total
consumption of all types of acidic beverages) as the depend-
ent variable (model 1); one model with the consumption of
‘healthy acidic beverages’ (i.e. beverages with a ‘healthy pro-
file’ such as juice/nectar,1 smoothie, sports drinks2 and flav-
oured water) as the dependent variable (model 2); and one
model with the consumption of ‘unhealthy acidic beverages’
(i.e. beverages with an ‘unhealthy profile’ such as soft drinks
with sugar,3 soft drinks without sugar4 and energy drinks5)
as the dependent variable (model 3). All models were
adjusted for sociodemographic variables (gender, age, ethni-
city and field of study).

Results

Psychometric evaluation of the knowledge measures

The aforementioned prerequisites for factor analysis were ful-
filled in our data (several correlation coefficients over 0.30, a
significant Bartlett’s test and a KMO > 0.60). Since the two
statements ‘Erosive tooth wear can be prevented (avoided)
by spreading out the consumption of acidic beverages
throughout the day’ and ‘Erosive tooth wear can be pre-
vented (avoided) by concentrating the consumption of acidic
beverages to shorter periods during the day’, were partially
overlapping and with reversed wordings, only the first state-
ment was included in further analyses. The factor analysis
resulted in a two-factor solution that explained 61% of the
variance in our data. Five statements that reflected deficient
fact-based knowledge loaded on the first factor, while two
statements that reflected perceptions of one’s own know-
ledge loaded on the second. The factor loadings ranged
from 0.51 to 0.86, and no cross-loadings were revealed. The
criteria for convergent and discriminant validity were thus
fulfilled. Based on the theoretical division of knowledge into
objective and subjective knowledge as described in the
introduction, the factors were named ‘deficient objective
knowledge’ (factor 1) and ‘subjective knowledge’ (factor 2).
Cronbach’s alpha for the two knowledge factors were 0.75
and 0.79, respectively. Results from psychometric evaluation
of the knowledge measures are presented in Table 1. As our
analyses provided support for a presumptive factor structure,
and good internal consistency reliability was shown for each
of the factors, they were considered to be valid and suitable
for measuring subjective knowledge and deficient objective
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knowledge about dental erosive wear among adolescents
attending high school. The overall score for the statements
in each of the two factors was calculated and the condensed
knowledge measures were used as independent variables in
subsequent regression analyses.

Descriptive analyses and independent sample t-tests

Means, standard deviations, skewness and kurtosis for the
study variables (i.e. condensed measures for subjective know-
ledge and deficient objective knowledge, concern about pre-
venting dental erosive wear and the consumption
frequencies for acidic beverages) are presented in Table 2.
All study variables (with one exception; the consumption fre-
quency of sports drinks) had values within the range of
chosen cut-offs for skewness and kurtosis, and no multicolli-
nearities were revealed among the independent variables
included in regression analyses. Thus, the choice of paramet-
ric statistical techniques for further analyses was considered
unproblematic.

Consumption of acidic beverages
Mean consumption frequencies for each of the seven types
of acidic beverages and the collapsed variables named ‘all
acidic beverages’ (including all seven types), ‘unhealthy
acidic beverages’ (including energy drinks and soft drinks
with/without sugar) and ‘healthy acidic beverages’ (including
fruit juice/nectar, smoothie, sports drinks and flavoured
water) are displayed in Table 2. Twenty-six percent (n¼ 221)
of the students in our sample (n¼ 850) stated that they drink
at least one acidic beverage on a daily basis. Furthermore,
20% (n¼ 170) reported that they consume ‘unhealthy acidic
beverages’ every day, while 12% (n¼ 102) stated that they
drink ‘healthy acidic beverages’ every day (Figure 1).
Independent samples t-tests revealed statistically significant
differences between male and female students. Males had a
significantly higher frequency of consumption for ‘all acidic
beverages’ (t (843)¼ 2.99, p¼ .003), for ‘unhealthy acidic

beverages’ (t (843)¼ 3.93, p< .001) and for ‘healthy acidic
beverages’ (t (843)¼ 2.51, p¼ .014) (Table 3). The biggest dif-
ference was found for consumption of ‘unhealthy acidic bev-
erages’; 24% (n¼ 84) of the male students (n¼ 348) stated
that they drink an ‘unhealthy acidic beverage’ every day as
opposed to 17% (n¼ 85) of the female students (n¼ 502)
(Figure 2).

Knowledge and concern about dental erosive wear
Mean scores for subjective knowledge and concern about
preventing dental erosive wear were above the neutral point
(i.e. somewhat agree), while the mean score for deficient
objective knowledge was lower (around the neutral point,
i.e. neither agree nor disagree) (Table 2). Relative frequencies
of agreement (based on the sum of scores for the response
alternatives somewhat agree (4) and totally agree (5)) for
each of the knowledge statements (i.e. before collapsing
them into condensed knowledge measures), and for concern
about preventing dental erosive wear, are presented in
Table 4. As can be seen from this table, the proportion of
students with high scores for subjective knowledge was
larger than the proportion of students with high scores for
deficient objective knowledge and concern about preventing
dental erosive wear.

Regression analyses

Three multiple linear regression models were tested. All
models included the independent variables subjective know-
ledge, deficient objective knowledge and concern about pre-
venting dental erosive wear, as well as the control variables
age, gender, field of study and ethnicity. Results from mul-
tiple linear regression analyses are presented in Table 5.

Table 1. Factor loadings, Cronbach’s alpha (a) and variance explained (R2) for
the knowledge measures.

Deficient
objective
knowledge

Subjective
knowledge

I know what erosive tooth wear is 0.86
I know how erosive tooth wear occurs 0.85
Erosive tooth wear can be prevented by brushing

your teeth after consumption of
acidic beverages

0.55

Erosive tooth wear can be prevented by spreading
out your consumption of acidic beverages
during the day

0.51

Erosive tooth wear is reversible (can be
repaired/disappear)

0.80

Erosive tooth wear can be reversed by good
dental hygiene (e.g. regular brushing of teeth)

0.84

Erosive tooth wear can be reversed by
dental treatment

0.80

a 0.75 0.79
R2 0.38 0.23

Table 2. Means, standard deviations (SD), skewness and kurtosis for the con-
densed knowledge measures (subjective knowledge and deficient objective
knowledge), concern about preventing erosive tooth wear and the consump-
tion frequency (days per week) for acidic beverages.

Mean (SD) Skewness Kurtosis

Subjective knowledge 3.93 (1.04) –1.06 0.63
Deficient objective knowledge 3.20 (0.94) –0.22 –0.20
Concern about preventing

erosive tooth wear
3.70 (0.91) –0.55 –0.50

All acidic beveragesa 4.33 (2.06) –0.09 –1.13
‘Unhealthy’ acidic beveragesb 3.53 (2.28) 0.24 –1.12
‘Healthy’ acidic beveragesc 2.93 (2.17) 0.50 –0.78
Soft drinks with sugar 2.56 (2.31) 0.75 –0.56
Soft drinks without sugar 2.09 (2.26) 0.89 –0.34
Energy drinks 1.16 (1.79) 1.77 2.49
Sports drinks 0.45 (1.31) 3.54 12.68
Juice/Nectar 2.40 (2.14) 0.71 –0.46
Smoothie 0.97 (1.47) 1.98 4.12
Flavoured water 0.73 (1.56) 2.10 6.03

Respondents were asked how often they usually drink different types of acidic
beverages. The response options ranged from never/rarely (1) to several times
per day (9). The responses were recoded to reflect number of days per week
(0–7) so that all beverages had a common unit of measurement before fur-
ther analyses.
aConsumption of acidic beverages of all types.
bConsumption of acidic beverages with an ‘unhealthy profile’ (i.e. soft drinks
with and without sugar and energy drinks).

cConsumption of acidic beverages with a ‘healthy profile’ (i.e. fruit juices/nec-
tars, smoothie, sports drinks and flavoured water).
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Statistically significant associations were found in all models.
In model 1, a positive association was found between defi-
cient objective knowledge and total consumption of ‘all
acidic beverages’ (b¼ 0.15, p< .001). In model 2, a positive
association was found between deficient objective know-
ledge and consumption of ‘healthy acidic beverages’
(b¼ 0.14, p< .001). In model 3, a positive association
between deficient objective knowledge and consumption of
‘unhealthy acidic beverages’ (b¼ 0.11, p< .01), and a nega-
tive association between concern about preventing dental

erosive wear and consumption of ‘unhealthy acidic bever-
ages’ (b¼�0.12, p< .01), was revealed.

Discussion

The objectives of this study were to assess high school stu-
dents’ consumption of acidic beverages, knowledge and con-
cern about preventing dental erosive wear, and to explore
potential associations between these variables.

Table 3. Differences in consumption frequency between genders.

Male students Female students
Mean (SD) Mean (SD) Mean difference t-Value

All acidic beverages 4.58 (2.00) 4.15 (2.09) 0.43 2.99��
‘Unhealthy’ acidic beverages 3.90 (2.21) 3.27 (2.30) 0.62 3.93���
‘Healthy’ acidic beverages 3.15 (2.27) 2.77 (2.09) 0.38 2.51�
Results from independent samples t-tests.�p< .05.��p< .01.���p< .001.

Figure 2. Differences between male (n¼ 348) and female (n¼ 502) students regarding the consumption of ’unhealthy acidic beverages’ (days per week).

Figure 1. Consumption of at least one type of acidic beverage (days per week) in the total sample (n¼ 850). Both ‘healthy’ and ‘unhealthy acidic beverages’
are included.
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Consumption of acidic beverages

We identified a large risk group for developing erosive tooth
wear as 26% of the students reported that they drink some
sort of acidic beverage every day. Furthermore, boys reported
significantly higher consumption frequencies than girls, espe-
cially when it comes to ‘unhealthy acidic beverages’. A fre-
quent consumption of ‘unhealthy acidic beverages’ such as
soft drinks is considered particularly risky regarding the devel-
opment of erosive wear because these products are often
consumed over a prolonged period of time and in greater vol-
umes than ‘healthy acidic beverages’ like fruit juices.
Additionally, soft drinks are often consumed in the absence of
food, while fruit juices are typically consumed as part of a
meal. Research has shown that boys have a higher prevalence
of erosive tooth wear than girls, and that this can be related
to more frequent consumption of acidic beverages [6–8].
Furthermore, numerous studies have shown that boys gener-
ally consume more soft drinks than girls, thereby supporting
our findings on gender differences [16,32–35]. However, fig-
ures from the report ‘Developments in the Norwegian Diet
2018’ [36] show that the consumption of sugar-sweetened
soda (carbonated soft drinks) has decreased by almost 30%
since 2000, while the consumption of artificially sweetened
soda and mineral water increased significantly during this
period. This is in line with international research that reports
an increased consumption of artificially sweetened soft drinks

[37]. In recent years, Norwegian authorities have focussed on
reducing the consumption of sugary drinks. For example, dur-
ing the period 2007–2011, the goal was to reduce the propor-
tion of people consuming sugary drinks on a daily basis by
20% [38], and in the period from 2017 to 2021 the goal is to
reduce the proportion of adolescents drinking sugary drinks
five times per week or more by 50% [39]. Furthermore, one of
the 12 official Norwegian dietary advices has an explicit focus
on the consumption of sugary foods and beverages: ‘Avoid
foods and beverages with lots of sugar on an everyday basis’
[40]. These goals and dietary advices are important in terms
of preventing excess weight, obesity and other lifestyle dis-
eases associated with the consumption of sugary drinks
[41,42]. However, with the increasing prevalence of dental ero-
sive wear observed among adolescents, there may also be a
need for health policy objectives and official dietary advices
related to matters of significance for dental health. For
example, it seems relevant to include information about the
potential detrimental effects that both sugar-sweetened and
artificially sweetened beverages can have on dental health in
official dietary guidelines.

Knowledge and concern about dental erosion

The high proportion of participants scoring above the neu-
tral point (i.e. somewhat/totally agree) for items measuring

Table 4. Relative frequencies of agreement for items measuring knowledge and concern about preventing erosive
tooth wear.

Relative frequency of agreement
(somewhat/totally agree)a (%)

Subjective knowledge
I know what erosive tooth wear is 77
I know how erosive tooth wear occurs 72
Deficient objective knowledge
Erosive tooth wear can be prevented by brushing your teeth after

consumption of acidic beverages
58

Erosive tooth wear can be prevented by spreading out your consumption of
acidic beverages during the day

38

Erosive tooth wear is reversible (can be repaired/disappear) 29
Erosive tooth wear can be reversed by good dental hygiene (e.g. regular

brushing of teeth)
47

Erosive tooth wear can be reversed by dental treatment 52
I am concerned about preventing erosive tooth wear 58
aThe respondents were asked to what extent they disagreed or agreed to a number of statements. Response options were
given on a 5-point Likert scale: totally disagree (1), somewhat disagree (2), neutral/neither agree nor disagree (3), some-
what agree (4) and totally agree (5). In this table, relative frequencies for the response options somewhat agree (4) and
totally agree (5) are summarized and presented.

Table 5. Regression coefficients (b) and variance explained (R2) for associations between subjective knowledge, deficient objective knowledge,
concern about preventing erosive tooth wear and the consumption of acidic beverages.

Model 1
All acidic beveragesa

Model 2
‘Healthy’ acidic beveragesb

Model 3
‘Unhealthy’ acidic beveragesc

b b b
Subjective knowledge 0.00 –0.04 0.03
Deficient objective knowledge 0.15�� 0.14�� 0.11�
Concern about preventing erosive tooth wear –0.06 0.02 –0.12�
R2 0.06 0.05 0.06

All regression models are adjusted for age, gender, field of study and ethnicity.�p< .01.��p< .001.
aAcidic beverages of all types.
bJuice/nectar, smoothie, sports drinks, flavoured water.
cSoft drinks with and without sugar, energy drinks.
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subjective knowledge suggests that the adolescents in our
sample had relatively strong beliefs about their own know-
ledge about dental erosive wear. The proportion with high
scores for items measuring deficient objective knowledge
about erosive wear was lower, but still disturbingly high for
some of the statements. For example, almost 60% of the stu-
dents somewhat or totally agreed that erosive tooth wear
can be prevented by brushing the teeth after consuming
acidic beverages. However, an equally large proportion (close
to 60% of the students in the sample) somewhat or totally
agreed that they are concerned about preventing erosive
tooth wear. Thus, there seem to be a discrepancy between
wanting to prevent dental erosion and the knowledge about
how to do it. These findings support previous reports of
insufficient knowledge about dental erosive wear among
adolescents [23,24].

Associations between acidic beverage consumption,
knowledge and concern about dental erosive wear

Significant positive associations were found between defi-
cient objective knowledge and acidic beverage consump-
tion frequency in the three multiple linear regression
models tested. Additionally, in model 3, a significant nega-
tive association was found between concern about prevent-
ing dental erosive wear and the consumption frequency of
‘unhealthy acidic beverages’. This finding supports our ini-
tial assumption that people who are concerned about pre-
venting erosive wear will tend to have a lower
consumption of acidic beverages. Interestingly, similar asso-
ciations were not found when we looked at the consump-
tion of ‘all acidic beverages’ (model 1) and the
consumption of ‘healthy acidic beverages’ (model 2). One
possible explanation may be that ‘unhealthy acidic bever-
ages’ are perceived as more damaging to the teeth than
‘healthy acidic beverages’. It may also be that the positive
attributes of ‘healthy acidic beverages’ (vitamins in juices
and smoothies, lower sugar content in flavoured water) to
some extent outweigh the negative attributes (that they
are acidic) of these products. Hence, ‘healthy acidic bever-
ages’ may be considered better alternatives among the stu-
dents in our sample. However, all the models had low
explanatory power, implying that there are other factors
than knowledge and concern about preventing dental ero-
sive wear offering a better explanation for the consumption
of different types of acidic beverages among adolescents.
For example, in a recent Norwegian study by Gebremariam
et al. [43], a positive association was found between avail-
ability and consumption of sugary beverages, while a nega-
tive association was found between parental rules (i.e.
parents setting limitations on consumption) and consump-
tion of sugary beverages among 13–15-year-olds. In two
other Norwegian studies focussing on adolescent consump-
tion of sugary soft drinks, associations were found between
high consumption and factors such as impulsiveness [44],
self-control, social pressure and intentions [45]. Moreover,
in a study focussing on the consumption of various types
of beverages such as fruit juice, nectar, smoothies, iced tea,

energy drinks and chocolate milk, associations were found
between dietary advice from parents and adolescent con-
sumption of some of these beverages [33]. The latter study
also confirms well-known relationships between the con-
sumption of ‘healthy’ and ‘unhealthy’ products and sociode-
mographic variables such as gender and parental
educational level. For example, girls had a higher consump-
tion of smoothies, while boys drank more iced tea, energy
drinks and chocolate milk. Moreover, adolescents with
highly educated parents drank more juice, while adoles-
cents having parents with a lower level of education drank
more energy drinks and chocolate milk [33]. The objective
of our study, however, was not to adapt models with the
largest possible explanatory power, but to explore potential
associations between the consumption of various types of
acidic beverages, knowledge and concern about preventing
dental erosive wear among high school students. Our
results support the assumption that young people have
insufficient objective knowledge about erosive tooth wear
and that this lack of knowledge is associated with
increased consumption of acidic beverages.

Strengths, limitations and conclusive remarks

One strength of the present study is its large sample size,
which allows the application of parametric techniques,
thereby increasing the statistical power of the results. An
obvious limitation is that all data are based on self-reports. It
is widely recognized that self-reports are often more optimis-
tic than objective measurements (i.e. participants respond in
line with what is considered desirable behaviour in a specific
context). Another limitation is the cross-sectional design of
the study, which does not allow for causal inferences.
Nevertheless, the results of the present study suggest that,
despite of an increased focus on erosive tooth wear in dental
research and practice, there seems to be a need for raising
the awareness and factual knowledge about dental erosive
wear in youth – not only about the consequences of such
damage, but also about how to prevent it. Being aware that
knowledge is a prerequisite, but by itself not sufficient to
induce behaviour change, the authors of this paper hope
that results from the present study may be of use as a start-
ing point for future research on factors and mechanisms that
may help explain dental health-related behaviours among
adolescents. Understanding the factors and mechanisms at
play is essential for the development and implementation of
effective preventive programmes in this particular group of
the population.

Notes

1. Orange juice, apple nectar, etc.

2. YT, Powerade, Maxim, etc.

3. Soda, cordials, iced tea, etc. with sugar.

4. Soda, cordials, iced tea, etc. without sugar.

5. Red Bull, Battery, etc.
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