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Abstract – Little is known about changes in dental anxiety with ageing and their
association with changes in oral health. This study examined the relationship be-
tween changes in dental caries experience and dental anxiety from 15 to 18 years
of age among adolescent participants in the Dunedin Multidisciplinary Health and
Development Study. Dental anxiety was estimated using the Corah Dental Anxi-
ety Scale (DAS), and individuals with a DAS score of 13π were identified as being Key words: adolescents; behavioral science;
dentally anxious. Dental examinations were performed on 649 individuals at ages dental anxiety; oral health
15 and 18, and a DMFS score was computed for each. Caries prevalence among
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Dental anxiety is very common (1), but little is
known about how individuals aquire it. Most
knowledge in this area is derived from cross-section-
al studies which have relied upon people’s recall of
salient past dental experiences. There are two main
problems with the cross-sectional approach to inves-
tigating the development and natural history of den-
tal anxiety: (a) recall difficulties are a possible source
of bias; and (b) the time-ordering of crucial events
may not be certain (2). Despite these concerns, the
following patterns are apparent from the studies
published to date: (a) people with high levels of den-
tal fear and anxiety have most often attributed them
to aversive conditioning processes which have
usually occured during childhood; (b) a smaller per-
centage are attributed to vicarious learning in child-
hood (that is behaviour modelled on that of parents,
siblings and other significant persons); and (c) per-
sonality factors play a part, whereby particular per-
sonality types may be more prone to dental anxiety,
and in some individuals, dental anxiety may be part
of a wider group of co-existing general anxiety or
psychiatric disorders (3). An alternative classifica-
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tion of dentally anxious people simply divides them
according to the source of their anxiety into (a) an
endogenous (internal) group and (b) an exogenous
(external) group. The latter group’s dental anxiety is
understood to be a simple conditioned phobia aris-
ing from direct or vicarious negative dental experi-
ence (4).

Dental anxiety has been shown to be associated
with a range of adverse behavioural and dental
health characteristics: studies of children (5–7) and
adults (8–11) have reported that dental anxiety is
associated with less favourable self-care behaviour
and partial or total avoidance of dental care, and
also with poorer health outcomes. However, little
is understood of the relationship (1), and no theo-
retical model has been proposed to account for the
observed associations. The few longitudinal stud-
ies that have examined changes in dental anxiety
prevalence and severity suggest that, while
changes in dental anxiety status can occur at any
age (12–14), the greatest instability in dental anxi-
ety occurs during the middle to late adolescent
period (14).
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We recently reported on the distribution of parti-
cipants in an ongoing cohort study of young New
Zealanders across four groups according to their
dental anxiety status at ages 15 and 18: the Chronic
group were those who were dentally anxious (DAS
score of 13π) at both ages; the Incident group were
only dentally anxious at age 18; the Remitted group
were only dentally anxious at age 15; and the Never
group were dentally anxious at neither age. There
were considerable changes in DAS scores in the In-
cident and Remitted groups over the 3-year period,
and it is possible that some of the changes in the
former group were associated with the presence of
aversive-conditioning dental experiences on one or
more occasions between 15 and 18 years of age,
particularly given recent work on the same study,
which showed that the amount of early dental car-
ies experience was positively associated with the
development of dental fear by age 15 (15). How-
ever, mid-to-late adolescence is a time of emer-
gence of psychological symptoms, and it is there-
fore also possible that the onset of dental anxiety
was part of a general upsurge of these symptoms
for some individuals in the Incident group. It is cur-
rently unclear whether people who are dentally
anxious have more disease as a result of their anxi-
ety, or whether their anxiety is a conditioned re-
sponse to earlier treatment of their disease. The aim
of this study was to examine the association of den-
tal caries experience and self-reported dental
health with 3-year changes in dental anxiety
among adolescent participants in a longitudinal
study.

Methods

Participants in the Dunedin Multidisciplinary
Health and Development Study (DMHDS) have
been followed (with periodic collection of health
and developmental data, including dental exami-
nations) since birth. The aims, establishment and
methodology of the study have been described
elsewhere (16). Those eligible for the sample were
babies born at the Queen Mary Hospital between 1
April 1972 and 31 March 1973, whose mothers
lived within the Dunedin Metropolitan Health Dis-
trict boundaries (16). During that 12-month period,
there were 1661 live births to eligible mothers. Of
these, 12 died before age 3, and 510 were living
outside Otago. This left 1139 children eligible for
enrolment in the DMHDS; of these, 68 were paren-
tal refusals, and 34 were not located in time to be
included. This meant that the initial sample was
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1037 (91% of the eligible sample) children (com-
prising 527 boys and 510 girls; 1013 single babies
and 24 twins). They were assessed within a month
of their third birthday. Those not followed up at
age 3 did not differ systematically in terms of their
perinatal characteristics, although there is evidence
that the sample followed up was slightly under-
representative of the highest and lowest socio-eco-
nomic status levels, and that the rate of ex-nuptial
births was higher among those not followed up.
Compared to the rest of the New Zealand popula-
tion, the DMHDS sample is slightly more advan-
taged socio-economically. Follow-up rates for the
sample have been very impressive and are a major
strength of the DHMDS, with all but one phase (at
age 13, where it was 82%) recording rates of over
90%. At age 15, 95% of the original sample were
involved, rising to 97% at age 18 (16).

A self-completed health questionnaire was used
to collect dental anxiety data with the Corah Dental
Anxiety Scale, or DAS (17), at ages 15 and 18. A
DAS score was computed for each participant (sum
of responses to the four DAS items), and used as a
point estimate of dental anxiety severity. Sample
members with a DAS score of 13 or more were des-
ignated the ‘‘high’’ dental anxiety group.

Self-assessed dental health was evaluated at ages
15 and 18 by examination participants’ responses
to the question ‘‘In general, compared to other per-
sons your age, would you say your dental health
is: among the best; better than average; below average;
among the worst,’’ (possible responses in italics). Re-
sponses were dichotomised to indicate either better
(first two options for each) or worse (last two op-
tions for each) self-perceived oral health in compar-
ison to peers.

Dental examinations of participants were per-
formed at ages 15 and 18. No evaluations of inter-
and intra-examiner reliability were undertaken be-
cause logistical and time constraints on the full
study program precluded repeat examinations. A
DMFS score was computed for each individual at
age 15 and 18, and the 3-year DMFS increment was
computed by subtracting the age-15 from the age-
18 estimate.

Data were analysed with the SPSS program (18).
The computation of univariate statistics was fol-
lowed by examination of bivariate associations
among the variables using analysis of variance
(ANOVA). Differences among three or more
groups were tested with the one-way ANOVA least
squares difference test for multiple comparisons,
and the Bonferroni correction was used to mini-
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mise the chance of Type I error. Log trans-
formations of the DMFS data were undertaken to
normalise their distribution.

To examine the direction of the putative causal
relationship between caries experience and dental
anxiety, linear regression was used to test the hypo-
thesis that caries experience predicts dental anxiety,
and Poisson regression was used to test the hypo-
thesis that dental anxiety predicts higher levels of
caries experience.

Results

The characteristics of the participants and non-
participants in the DAS and dental examinations at
both ages have been previously reported (14).
There were no observed differences according to
gender, family disadvantage, reason for last dental
visit, or enrolment as adolescents in the New Zea-
land General Dental Benefit Scheme (by which
adolescents receive free dental care up to age 18).

Data on self-rated oral health and dental caries

Table 1. Self-reported dental health, dental caries prevalence, severity and increment by DAS study group

DAS group

Chronic Incident Remitted Never All

Self-reported oral health at 18 better than others same agea 11 (36.7) 32 (52.5) 28 (62.2) 423 (76.4) 494 (71.6)

Age 15
Caries prevalence (%) 27 (100)b 55 (93.2) 38 (88.4) 435 (83.7) 555 (85.5)
DMFS (SD)c 7.67 (4.77) 6.84 (5.81) 5.95 (3.68) 5.75 (5.75) 5.97 (4.59)
Log (DMFS) 1.86 (0.62)d 1.64 (0.77) 1.57 (0.71) 1.46 (0.79) 1.51 (0.78)

Age 18
Caries prevalence (%) 27 (100.0)b 58 (98.3)d 42 (97.7) 471 (90.6) 598 (92.1)
DMFS (SD)c 11.00 (9.29) 9.16 (7.45) 8.10 (5.07) 8.11 (6.80) 8.34 (6.91)
Log (DMFS) 2.12 (0.74)d 1.94 (0.76) 1.83 (0.81) 1.76 (0.87) 1.80 (0.85)
3-year DFS increment 3.33 (5.53)d 2.63 (2.98) 2.65 (3.09) 2.54 (3.98) 2.59 (3.91)

a P∞0.01.
b P∞0.05.
c Mean DMFS for those with 1πDMFS.
d One-way ANOVA: LSD test for multiple comparisons: Chronic differs from Never.

Table 2. Multivariate models

Model 1: 3-year DAS increment as dependent variable
Independent variable B SE t P
DAS at age 15 ª0.490 0.036 ª13.517 ∞0.05
DMFS at age 15 0.060 0.023 2.570 ∞0.05
3-year DMFS increment 0.024 0.027 0.882 0.38

Model 2: 3-year increment as dependent variable
DMFS at age 15 0.067 0.003 17.639 ∞0.05
DAS at age 15 0.031 0.009 3.400 ∞0.05
3-year DAS increment 0.021 0.008 2.349 ∞0.05
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prevalence, severity and 3-year increment are pre-
sented in Table 1. Self-rated oral health was worst
in the Chronic group, and most favourable in the
Never group. Overall caries prevalence (with a case
definition of 1π DMFS) among participants was
85.5% at age 15 and 92.1% at 18 years, representing
a net increase of 6.6% over the 3-year period. At
both 15 and 18, there were clear gradients in caries
prevalence, with the highest in the Chronic group
and the lowest in the Never group. The mean DMFS
(caries severity) among study participants was 5.97
(SD 4.59) at age 15, and 8.34 (SD 6.91) at age 18,
representing a mean 3-year caries increment of 2.37
(SD 3.91). At both ages, the only statistically signi-
ficant differences in caries severity were those ob-
served between the Never (lowest mean DMFS at
both 15 and 18) and the Chronic (highest mean
DMFS at 15 and 18) groups.

The results of the linear regression and Poisson
analyses are presented in Table 2. When controlled
for DAS15 (dental anxiety score at age 15) and
DMFS15 (DMFS score at age 15), DAS increment
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was not predicted by DMFS increment. Thus, an
increase in caries experience did not have an inde-
pendent, statistically significant effect on dental
anxiety at age 18. However, DMFS increment was
predicted by DAS increment when DMFS15 and
DAS15 were controlled for.

Discussion

The longitudinal study design is a powerful one,
and serves two main purposes: (i) to describe pat-
terns of change (that is, the natural history of
disease and health); and (ii) to establish the direc-
tion and magnitude of putative causal relation-
ships. No other design can provide such informa-
tion. The principal disadvantage of the longitudi-
nal study design is sample attrition over time,
which can result in unrepresentative findings and
compromise a study’s external validity (19). How-
ever, the participants in this study have been pre-
viously reported to be largely representative of
their peers (14), and was therefore an unlikely
threat to validity.

Individuals who were not classified as dentally
anxious at either 15 or 18 (the Never group) had the
lowest caries severity at each age as well as the
lowest caries increment. Conversely, those who
were dental anxiety sufferers at both ages (the
Chronic group) had the highest caries severity and
increment. Interestingly, this suggests a close rela-
tionship between overall disease incidence and
dental anxiety status which has, to date, not been
demonstrated elsewhere. Implicit in previous work
has been the assumption that, while overall caries
prevalence in non-anxious and anxious individuals
was similar, the contributions of the individual
components to the DMFS index may vary (7, 8, 10,
11). It was also implicitly assumed that caries inci-
dence did not differ between anxious and non-anx-
ious people (6, 7). The caries experience of anxious
individuals in some studies was not markedly
worse than that of their non-anxious counterparts,
but the negative dental health attitudes and behav-
iour of the former suggested that their dental
health might have deteriorated over time had re-
peated observations been made.

In this study, caries prevalence and incidence
were highest among the dentally anxious group
and lowest among the non-anxious individuals,
thus offering support for the hypothesised relation-
ship between dental anxiety and caries. Self-per-
ceived oral health was also worse among anxious
than among non-anxious individuals. The findings
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raise questions about the direction of causality be-
tween dental anxiety and caries experience, if in-
deed the relationship is causal. Future studies are
necessary on the following hypotheses as possible
explanations: (a) that individuals with high levels
of caries experience require more invasive dental
treatment, and consequent negative dental experi-
ences lead to dental anxiety; and (b) that dentally
anxious individuals avoid dental treatment and ne-
glect oral self-care, thereby leading to their high
levels of caries experience.

The present multivariate analysis indicated that
high dental anxiety is a predictive variable for den-
tal caries experience in adolescents. It is thus pos-
sible that dental anxiety may be a risk factor for
dental caries incidence, which in turn lends a de-
gree of biologic plausibility to the observed caries
severity scores and increments in the four groups.
The exact mechanism by which high levels of anxi-
ety lead to an increase in caries is currently unclear.
Considering the existing literature in this field, pos-
sible factors that we wish to explore in future anal-
yses are the neglect of oral self-care and the higher
prevalence of dentition-threatening practices such
as cariogenic snacking among dentally anxious in-
dividuals (10); and the avoidance of dental care
leading to unchecked disease progression. Perhaps
the true situation is a combination of these factors.
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