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Abstract The aim of this study was to determine the
prevalence of dental erosion in young Icelandic adults
(19–22 years old) and patients with gastroesophageal
reflux disease (GERD), in relation to their soft drink
consumption and gastroesophageal reflux. Eighty subjects
(40 males and 40 females), comprising 57 young adults
(mean age 21€2 years) and 23 GERD patients (mean age
35€10 years), were enrolled in this study. All subjects
answered a detailed frequency questionnaire of soft drink
consumption and participated in a clinical examination.
Erosion was scored for incisor and molar teeth separately.
No significant difference was observed in the prevalence
of dental erosion between young adults and GERD
patients. However, by combining the two study groups a
three-fold higher risk of having erosion in molars or
incisors was found for subjects drinking Coca-Cola three
times a week or more often (p <0.05). Additionally,
significantly higher erosion scores were found in molars
among subjects drinking more than 1 litre of carbonated
drinks (all brands) per week (p <0.05). It is concluded that

the frequency of soft drink consumption is a strong risk
factor in the development of dental erosion.
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Introduction

Dental erosion is an acid-induced loss of dental hard
tissue that does not involve bacteria, and is therefore, not
associated with dental plaque. The aetiological factors of
dental erosion are often categorised in two groups,
intrinsic and extrinsic factors. Gastroesophageal reflux
is a significant intrinsic factor of dental erosion. An early
report of the relationship between gastric acid and dental
erosion appeared in 1937 based on a case of a patient
with chronic vomiting [3]. Later research suggested that
intrinsic factors such as Gastroesophageal reflux, vomit-
ing and regurgitation could account for up to 25% of all
cases of dental erosion [13]. There is, however, conflict-
ing information in the literature. Jarvinen et al. examined
109 patients with upper gastrointestinal symptoms and
found only 6.4% to have erosion [12] while Meurman et
al. found 26.2% out of 107 patients diagnosed with
gastroesophageal reflux to have dental erosion [23].

Acidic drinks have long been recognised as a powerful
extrinsic factor of dental erosion [11]. Studies have found
that a high prevalence of dental erosion in children [16,
18] and young adults [15] relates to their soft-drink
consumption or other dietary factors [1]. Additionally
a 21.6% prevalence of dental erosion has been found in
15-year-old children in Iceland [2]. In parallel with these
clinical findings, the Icelandic Statistical Bureau noted a
16-fold increase in the consumption of carbonated drinks
from 1957 to 2000 [7], with adolescents having the largest
consumption of carbonated drinks [5].

We hypothesised that both gastroesophageal reflux
disease and soft drink consumption may be causal factors
for erosion within selected groups of Icelanders. Thus, the
aim of the present study was to determine the prevalence
of dental erosion in Icelandic young adults and patients
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with known gastroesophageal reflux disease, with respect
to their consumption of soft drinks and gastroesophageal
reflux.

Materials and methods

Study group

The study group consisted of 80 Icelandic subjects (40 females and
40 males) that had not previously been examined for dental erosion.
Of these 80 subjects, 57 were Icelandic adolescents (19–22 years
old, 33 females and 24 males) living in urban, fishing and farming
communities in Iceland. These subjects were randomly chosen from
the Icelandic Nutritional Council Survey of Schoolchildren (INS)
in 1992–1993. Additionally, these subjects were followed regularly
in a longitudinal study of caries development and associated risk
factors, including diet. The remaining 23 subjects were selected
from the patient database of a gastroenterology clinic. All patients
had been diagnosed with pathological reflux for more than 2 years
and had been symptom free for around half a year prior to this
study. Upon diagnosis patients had been examined by an oe-
sophageal manometer and oesophagogastro-duodenoscopy. Patho-
logical reflux was diagnosed when intraoesophageal pH was below
4.0 for longer than 50 min during a 24-h monitoring period [17].
Only fully dentate patients less than 50 years of age, living in or
nearby Reykjavik were selected.

Questionnaire

A questionnaire was developed to determine the consumption of
beverages. Fifty-six beverages comprising most soft drinks avail-
able on the Icelandic market were included in the questionnaire,
which was pre-tested on a group of 30 University students and
modified as necessary. The self-completed questionnaire focused
on the consumption of various groups of beverages including
carbonated beverages, milk-based beverages, pure fruit juices,
juices from concentrate, energy and sport drinks. Each subject was
required to fill out this part of the questionnaire following an
introduction from the investigator. The questionnaire was based on
closed questions such as a multiple-choice for each specific
category of beverage as well as a multiple choice for specific brand
marks of beverages.

Erosion score

The clinical examiner recorded the presence of erosion and its
degree. The clinical examiner was blinded to the results of the
questionnaire. Erosion was classified according to location in
anterior or posterior teeth as shown in Table 1, slightly modified
from an index described by Lussi [20] with all surfaces on the
examined teeth included in the examination (Table 1). Subjects

were examined in a dental chair, using a dental light and mirror.
If the subject was diagnosed with erosion, a second examiner
confirmed the degree of erosion and the agreed score entered the
record. In case of disagreement, the lower erosion score was given;
however, disagreement was only found in less than 10% of the
examined cases.

Statistics

Statistical analyses were made with SPSS (www.spss.com) (de-
scriptive statistics) and with the R statistical freeware downloaded
from www.r-project.org (bivariate and multivariate statistics).
Comparison of anamnestic data and erosion scores between two
groups was done by a Wilcoxon rank sum test; comparison of age
between two groups was done by two-sample t-test. Yes/no data for
two groups was analysed as 2�2 tables by Fisher’s exact test (less
than ten subjects in one of the four categories) and by the Chi-
square-test (more than ten subjects in each of the four categories).
Correlations were analysed by Spearman’s rank correlation analysis
with correlation coefficients (rs) and p-values given. The effect of
GERD (yes/no) and age on the presence and severity of dental
erosion was determined by multiple regression analysis with
adjusted R-squared values given. The level of significance was
set at p <0.05.

Results

Erosion in young adults and reflux patients

Table 2 shows that the reflux patients were significantly
older than the young adults (p <0.01). No difference was
found, however, in either the prevalence of dental erosion,
or erosion score, between the two study groups. Similarly,
no difference was obtained regarding the consumption of
carbonated drinks, sport drinks, fruit juice from concen-
trate, and milk based drinks between the two groups.
However, the young adults had a slightly higher overall
intake of pure fruit juice than the reflux patients (p <0.01)
mainly due to a higher intake of pure orange juice
(p <0.001).

Multiple regression analysis revealed that neither the
diagnosis of reflux nor the age of the subjects could
explain any of the variation in the prevalence of erosion
or the erosion scores obtained in incisors and molars
(adjusted R-squared �0.01 and 0.00, respectively). We
therefore combined the two groups in order to perform an
explorative analysis of possible relationships between soft
drink consumption and dental erosion.

Table 1 Criteria used for measurement of dental erosion

Score* Criteria for anterior teeth Criteria for posterior teeth

0 No evidence of erosion No evidence of erosion

1 Loss of surface enamel, dentine not involved Enamel erosion of fissure system or cusps that cannot be attributed to
attrition, amalgam restorations stand proud above the enamel surface

2 Erosion extending into dentine in at least one tooth Erosion into dentine that cannot be attributed to attrition,
especially palatal aspects of maxillary molar cusps and buccal aspects
of mandibular molar cusps

3 Severe dentine erosion in at least four anterior teeth
and or pulp chamber visible

Erosion extending close to the pulp

* In the case of disagreement between the two examiners, the lower score was given
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Combined study group

The study group now comprised of 80 subjects (40 males
and 40 females) who had a mean age of 25€9 years. None
of the 80 subjects had dental erosion of grade 3, while
some had erosion of grade 1 and 2. The mean erosion
score in the incisors was 0.40, which was nearly signif-
icantly higher (p <0.06) than the erosion score in the
molars, which was 0.24. Of the 80 subjects, 39% had
erosion somewhere in the dentition, 34% in the incisors,
20% in the molars, and 15% had erosion in both the
incisors and the molars.

Soft drink consumption

The questionnaire determined the intake of 56 different
beverages that are available on the Icelandic market.
When these beverages were subdivided into groups, milk-
based beverages showed to be significantly more con-
sumed than carbonated drinks (p <0.001), which were
more consumed than pure fruit juice (p <0.001), which
was more consumed than fruit juice from concentrate
(p <0.001), which finally was more consumed than sport
drinks (p <0.001).

Of the 56 different beverages five were consumed on
average three times during the day or more. These
frequently consumed beverages were Coca-Cola, mineral
water, Diet Grape (a carbonated grapefruit soft drink),

orange juice from concentrate and Malt (a malt extract
drink). Except for two milk-based drinks, Coca-Cola was
by far the most frequently consumed soft drink by the
participants in this study.

Relation between dental erosion and soft drink con-
sumption

There was no significant difference in age of the subjects
with erosion (24€8 years) and the subjects without
erosion (25€9 years). Although 18 males had erosion,
compared with only 13 females, the difference between
gender ratios was not significant. However, a trend was
noted indicating higher erosion scores in molars in males
than in females (p <0.06). Surprisingly, the only signif-
icant difference between subjects with erosion and sub-
jects with no erosion was with respect to Coca-Cola
consumption. Thus, the Coca-Cola consumption was
significantly higher in subjects with erosion (p <0.05)
than in subjects without. Accordingly, Coca-Cola con-
sumption was used for further subdivision and analysis.

Relation between dental erosion
and Coca-Cola consumption

Table 3 presents the prevalence of erosion and erosion
score in subjects with high and subjects with low Coca-

Table 2 Differences in age and
erosion incidence and score be-
tween reflux patients and young
adults (mean € SD or median
and range)

Reflux patients
(n=23)

Young adults
(n=57)

p-value

Age (years) 35€10 21€2 <0.01 a

Erosion in the incisors (%) 26.1 % 36.8% 0.44 b

Erosion in the molars (yes/no) 21.7% 19.3% 0.31 b

Erosion in both the incisors and molars (yes/no) 34.8% 40.4% 0.31 b

Mean incisor erosion score 0.30€0.56 0.44€0.63 0.35 c

Mean molar erosion score 0.22€0.42 0.25€0.54 0.84 c

P-value was obtained by:
a Two-sample t-test
b Fisher exact test
c Wilcoxon rank sum test

Table 3 Differences in the prevalence of erosion and erosion score in subjects with high and low Coca-Cola intake (median and range)

Intake of Coca-Cola
more than three
times a week
(n=39)

Intake of Coca-Cola
less than three
times a week
(n=41)

p-value Odds
ratio

Erosion in the incisors (yes/no) 17/22 10/31 0.11 a 2.4
Erosion in the molars (yes/no) 11/28 5/36 0.09 b 2.8
Erosion in the molars, the incisors or both (yes/no) 20/19 11/30 0.04 a 2.8
Erosion in both the molars and the incisors (yes/no) 8/31 4/37 0.22 b 2.4
Erosion score in the incisors (0,1,2,3) 0.54 (0–2) 0.27 (0–2) 0.06 c ND.
Erosion score in the molars (0,1,2,3) 0.36 (0–2) 0.12 (0–1) 0.06 c ND.

Odds ratio denotes the risk of having erosions if the Coca-Cola intake exceeds three times a week compared with having erosions if the
Coca-Cola intake is less than three times a week. ND not determined. P-value was obtained by:
a Chi-squared test
b Fisher test
c Wilcoxon rank-sum test
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Cola consumption. Thirty-nine subjects consumed Coca-
Cola more than three times a week. Out of these 39
subjects, 20 had erosion. The risk of having dental erosion
was approximately three times higher in either incisors or
molars when drinking Coca-Cola more than three times a
week (p <0.05) compared with drinking Coca-Cola less
than three times a week. Males were shown to have a
significantly higher intake of Coca-Cola than females
(p <0.05).

Relation between carbonated drink consumption
and dental erosion

In analysing the combined intake of carbonated drinks
(Table 4), 28 subjects were found to consume more than
1 litre of carbonated beverages a week. Of these 28
subjects, 13 had erosion. The risk was found to be three
times higher for erosion on the molars when 1 litre a week
or more of carbonated drink was consumed. There was
also a more than three-times higher risk of having erosion
in both molars and incisors simultaneously when drinking
1 litre or more of carbonated drink a week. Significantly
higher erosion scores were found for the molar teeth if the
consumption of carbonated drinks was more than 1 litre a
day compared with subjects with a consumption that was
less than 1 litre a day (p <0.05).

Individual correlations

Table 5 shows a correlation matrix of all correlations
obtained between the erosion score in incisors and molars
and the intake of Coca-Cola and carbonated drinks. As
shown in the matrix the erosion score in the incisors was
significantly positively correlated with the erosion score
in the molars. Thus, most subjects having high erosion
scores in the incisors also had high scores in the molars.

Within the group of young adults, the erosion score in
incisors and molars correlated significantly positively
with the intake of Coca-Cola. Within the combined study
group, the erosion score in the incisors was significantly

positively correlated with the overall intake of carbonated
drinks. Interestingly, a strong positive correlation was
obtained between the intake of Coca-Cola and the overall
intake of carbonated drinks. Thus, subjects having a high
intake of Coca-Cola also had a high intake of other
carbonated drinks. This was also the case when Coca-
Cola was excluded from the carbonated drinks group
(rs=0.40, p <0.001).

Discussion

The results in this study are in agreement with previous
studies showing low prevalence of dental erosion in
GERD patients [12]. Furthermore, the diagnosis of GERD
did not show explanatory power on either the prevalence
or severity of dental erosion in this study. However, the
results obtained in this study are in disagreement with
other studies showing strong association between reflux
symptoms and dental erosion [4]. Thus, within another or
larger group of GERD patients, this condition might have
shown an effect on dental erosion. The comparison of the
GERD patients with another potential risk group like the
young Icelanders may also have contributed to an
underestimation of the effect of GERD on dental erosion.
It could also be speculated that the erosion index, the
clinical diagnosis of dental erosion, and the cross-sec-

Table 4 Differences in the prevalence and severity of erosion between subjects with (i) high and (ii) low intake of carbonated drinks

Intake of carbonated
beverages more than 1
litre a week
(n=28)

Intake of carbonated
beverages less than 1
litre a week
(n=52)

p-value Odds
ratio

Erosion in the incisors (yes/no) 11/17 16/36 0.47 a 1.5
Erosion in the molars (yes/no) 9/19 7/45 0.08 b 3.0
Erosion in the molars, the incisors or both (yes/no) 13/15 18/34 0.34 a 1.6
Erosion in both the molars and the incisors (yes/no) 7/21 5/47 0.10 b 3.1
Erosion score in the incisors (0,1,2,3) 0.46 (0–2) 0.37 (0–2) 0.46 c ND
Erosion score in the molars (0,1,2,3) 0.39 (0–2) 0.15 (0–2) 0.04 c ND

Odds ratio denotes the risk of having erosions if the intake of carbonated beverages exceeds 1 litre a week compared with if it is less than
1 litre a week. ND not determined. P-value was obtained by:
a Chi-squared test
b Fisher test
c Wilcoxon rank-sum test

Table 5 Correlations between erosion scores in incisors and molars
and the consumption of Coca-Cola and carbonated drinks

ESI ESM ICC ICD

ESI 1.00 - - -
ESM 0.48* (0.51)* 1.00 - -
ICC 0.20 (0.32)** 0.21 (0.32)** 1.00 -
ICD 0.25** (0.24) 0.12 (0.14) 0.71* (0.75)* 1.00

A correlation matrix of all correlations obtained between erosion
score in incisors (ESI), erosion score in molars (ESM), intake of
Coca-Cola (ICC), and intake of carbonated drinks (ICD). Corre-
lation coefficients were obtained by Spearman’s rank correlation
analysis (rs). Correlation coefficients in brackets were obtained
within the group of young adults only
* p <0.001, ** p <0.05
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tional design used in this study could not detect minor
differences in dental erosion between the groups exam-
ined. Thus, it cannot be ruled out that some of the
observed erosions were caused by GERD. Nevertheless,
as we found no significant difference in the prevalence of
dental erosion between young adults and reflux patients,
as well as only minor differences in soft drink consump-
tion, the two study groups were combined for further
analysis. Analysis of the combined group found 39% to
have dental erosion and the males to have slightly more
erosion than the females. The prevalence of dental erosion
found in this study is similar to the prevalence found in
other studies [21, 22] and serves to endorse the general
view that dental erosion is common [6, 9].

Despite the high prevalence of dental erosion some-
times found, the aetiological factors are not always
apparent [6]. In this study the intake of carbonated drinks
and especially Coca-Cola was found to be the plausible
extrinsic factor of dental erosion. An increased risk was
found both for developing erosion and for developing
more severe erosion if consumption of (i) Coca-Cola was
three times or more per week or (ii) if more than 1 litre of
carbonated drink was consumed per week. The results
also showed that the males had a higher intake of Coca-
Cola than the females, which could explain the gender
differences obtained in dental erosion. Furthermore sig-
nificant correlations were obtained among the intake of
Coca-Cola, the overall intake of carbonated drinks, and
the erosion score in incisors and molars. These results
support earlier findings of a relation between dental
erosion and consumption of Cola-based drinks and other
flavoured carbonated drinks [10, 15]. Coca-Cola was the
only single beverage that could be related to dental
erosion or the erosion score in this study. This finding is
most likely due to Coca-Cola being the most popular
carbonated drink in Iceland and probably less to its actual
composition. Thus, although several other carbonated
drinks in this study have low pH values similar to that of
Coca-Cola [14], their consumption was simply lower than
that of Coca-Cola. Thus the results in this study cannot
determine which single drink is most erosive since the
consumption rate of the drinks was highly varied.

The only group of drinks that could be related to dental
erosion in this study was the carbonated drinks. We
believe this finding is due to this type of drink having
lower pH values than the other drinks analysed in this
study. Interestingly, the clinical results from this study are
not in agreement with many in vitro studies, which have
suggested that fruit juices are more erosive than carbon-
ated drinks due to a high buffer capacity [8, 19]. Thus,
further research is needed to determine which qualities in
soft drinks are most determining for their erosive poten-
tial.

Conclusion

We conclude, that the reason for Coca-Cola being the
only soft drink to relate significantly to dental erosion in

this study is due to its low pH and the popularity of this
brand on the soft drink market in Iceland. Further, the
prevalence of dental erosion in this study was high and
the frequency of consumption of potentially erosive soft
drinks with low pH values was the only plausible risk
factor identified for the development of dental erosion.

Acknowledgements Financial support from the Icelandic Research
Council, The Icelandic Dental Association, and the University of
Iceland is gratefully acknowledged. The authors would like to
thank all the subjects who took part in the study. Several students,
dental and medical colleagues are thanked for their assistance and
co-operation.

References

1. Al-Dlaigan YH, Shaw L, Smith AJ (2001) Vegetarian children
and dental erosion. Int J Paed Dent 11:184–192

2. Arnadottir I, Saemundsson S, Holbrook W (2003) Dental
Erosion in Icelandic Teenagers in relation to dietary and
lifestyle factors. Acta Odontol Scand 61:25–28

3. Bargen J, Austin L (1937) Decalcification of teeth as a result of
obstipation with long continued vomiting. J Am Dent Assoc
24:1271–1273

4. Bartlett DW, Evans DF, Anggiansah A, Smith BG (1996) A
study of the association between gastro-oesophageal reflux and
palatal dental erosion. Br Dent J 181:125–131

5. The Icelandic Nutritional Council (2002) http://www.mannel-
di.is

6. Deery W, Wagner M, Longbottom C, Simon R, Nugent Z
(2000) The prevalence of dental erosion in United States and in
United Kingdom sample of adolescents. Paediatr Dent 22:505–
510

7. The National Economic Institute (2000) The consumption of
carbonated drinks in Iceland. Icelandic Statistical Bureau

8. Edwards M, Creanor SL, Foye RH, Gilmour WH (1999)
Buffering capacities of soft drinks: the potential influence on
dental erosion. J Oral Rehabil 26:923–927

9. Ganss C, Klimek J, Giese K (2001) Dental erosion in children
and adolescents—a cross sectional and longitudinal investiga-
tion using study models. Community Dent Oral Epidemiol
29:264–271

10. Grobler SR, Senekal PJ, Laubscher JA (1990) In vitro demin-
eralization of enamel by orange juice, apple juice, Pepsi Cola
and Diet Pepsi Cola. Clin Prev Dent 12:5–9

11. Holloway PJ, Mellanby M, Stewart RJC (1958) Fruit drinks and
tooth erosion. Br Dent J 104:305–309

12. Jarvinen V, Meurman JH, Hyvarinen H, Rytomaa I, Murtomaa
H (1988) Dental erosion and upper gastrointestinal disorders.
Oral Surg Oral Med Oral Pathol 65:298–303

13. Jarvinen V, Rytomaa I, Meurman JH (1992) Localisation of
dental erosion in referred population. Caries Res 26:391–396

14. Jensdottir T, Thorsdottir I, Arnadottir IB, Holbrook WP (2002)
The erosive potential of various non-alcoholic beverages [in
Icelandic]. Laeknabladid 88:569–572

15. Johansson AK, Johansson A, Birkhed D, Omar R, Baghdadi S,
Khan N, Carlsson GE (1997) Dental erosion associated with
soft-drink consumption in young Saudi men. Acta Odontol
Scand 55:390–397

16. Johansson AK, Sorvari R, Birkhed D, Meurman JH (2001)
Dental erosion in deciduous teeth—an in vivo and in vitro
study. J Dent 29:333–340

17. Johnsson F, Joelsson A, Isberg PE (1987) Ambulatory 24 hour
intraesophageal pH monitoring in the diagnosis of gastroesoph-
ageal reflux disease. Gut 28:1145–1150

18. Jones SG, Nunn JH (1995) The dental health of 3-year-old
children in East Cumbria 1993. Community Dent Health
12:161–166

95



19. Larsen MJ, Nyvad B (1999) Enamel erosion by some soft
drinks and orange juices relative to their pH, buffering effect
and contents of calcium phosphate. Caries Res 33:81–87

20. Lussi A (1996) Dental erosion. Clinical diagnosis and case
history taking. Eur J Oral Sci 104:191–198

21. Lussi A, Schaffner M, Hotz P, Suter P (1991) Dental erosion in
a population of Swiss adults. Community Dent Oral Epidemiol
19:286–290

22. Mathew T, Casamassimo P, Hayes J (2002) Relationship
between sport drinks and dental erosion in 304 university
athletes in Columbus, Ohio, USA. Caries Res 36:281–287

23. Meurman J, Toskala J, Nuutinen P, Klemetti E (1994) Oral
manifestations in gastroesophageal reflux disease. Oral Surg
Oral Med Oral Pathol 78:583–589

96


