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Abstract — Objectives: To explore the association between area deprivation and
adult oral health. Methods: Multilevel regression analysis of data taken from
the 1998 Adult Dental Health Survey in the UK comprising 632 participants
living in 346 households located in 31 postcode sectors in Scotland. Three oral
health outcomes were investigated: number of sound (including restored) teeth;
has one or more unsound teeth; has periodontal pocketing 4 mm or more in one
or more teeth. Results: In the most deprived areas, individuals had a mean of
4.6 fewer sound teeth than those in the least deprived areas. The difference in
normalised number of sound teeth between least and most deprived areas was
—-0.707 (95% CI —-1.164, —0.250), P = 0.024. After adjusting for age, sex,
qualification status, head of household social class and household income, the
estimated difference was —0.238 (-0.591 to 0.115) (P = 0.164). Area deprivation
was not associated with having one or more unsound teeth or periodontal
pocketing 4 mm or more in one or more teeth. Conclusions: There is a
univariate association of area deprivation with the number of sound teeth. This
association is largely explained by household and individual level
socioeconomic variables. A small area deprivation effect cannot be excluded in
these data. The findings challenge current understanding of the relationship
between area deprivation and oral health. Further multilevel research exploring
the relationship between area deprivation and oral health is required using a
larger sample and a prospective longitudinal design.
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It has been recognised for many years that an
individual’s oral health may be influenced by his or
her social context (1-3). Yet in the main, research
into the social determinants of oral health has
conceptualised and measured oral disease at the
individual level, neglecting contextual effects on
oral health (4). More recently, however, there have
been suggestions that oral epidemiology should
pay greater attention to the role of contextual
factors in shaping oral health (5, 6). Area depriva-
tion is one such factor. There are no commonly
accepted definitions of area deprivation (7), but it is
has been conceptualised as a multidimensional
phenomenon reflecting the lack of access to mater-
ial resources and social participation in a geo-
graphical area (7-9).
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Most of the research exploring the relationship
between area deprivation and oral health has been
conducted in children. The studies fall into two
broad groups: ecological and individual level
studies. Findings from the ecological studies are
contradictory. Most suggest a clear relationship
between area deprivation and caries prevalence
and severity in children (10-12). However, a study
examining 6-12-year-old children living in Brazil
failed to show a relationship between area depri-
vation and mean dmft scores (13). In the individual
level studies, clear relationships were found be-
tween area deprivation and childhood dental caries
(14-17). There is also some evidence for a relation-
ship between area deprivation and traumatic
dental injuries in children (18). Research on the



relationship between dental erosion in children and
area deprivation is contradictory. Some studies
suggested a positive relationship (19, 20), one study
found a negative relationship (21), and a further
study found a weak and inconsistent relationship
(22). School deprivation status was not associated
with the gingival health of children examined in
the 2003 Children’s Dental Health Survey in the UK
(22).

There is some evidence for a relationship
between oral health and area deprivation in adults.
This comes from individual-level studies. Adults
living in deprived areas had more oro-facial pain
than those living in affluent areas in a postal
questionnaire-based study conducted in the north-
west of England (23). Area deprivation was asso-
ciated with self-reported oral health status in two
studies based in Canada (24, 25). However, in an
English study looking at the relationship between
area deprivation and oral health using clinical
indices and an oral health-related quality of life
measure, no differences in clinical outcomes were
observed according to deprivation score, and only
three out of the eight quality of life measures
showed any differences (26). No studies examining
the relationship between periodontal disease and
area deprivation were found. There is some evi-
dence that area deprivation is a risk factor for oral
cancer (27, 28).

Thus, there are clear variations in oral health
outcome according to area deprivation, particularly
in children. What is not clear is whether the area
deprivation effect is valid. It is possible that the
unfavourable oral health outcomes found in
deprived communities reflect differences in the
socioeconomic and behavioural characteristics of
individuals who live in such communities (com-
positional effect) rather than differences in the
physical and social features of the neighbourhood
(contextual effect) (29). The effect of area depriva-
tion may be exaggerated by the selection bias of
unhealthy individuals being left behind in less
privileged social groups while more healthy/
dynamic individuals move on to other areas (30).

The potential bias of uncontrolled socioeconomic
differences at the individual/household level is
found in many of the studies reviewed above. Only
one study investigating dental caries in children
(17) and two studies exploring self-reported oral
health in adults (24, 25) included both individual
level socio-economic factors and area deprivation
scores in the regression analyses. In all three
studies, neighbourhood deprivation had a signifi-
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cant effect on the oral health outcome after adjust-
ing for individual/household socioeconomic
factors. However, the studies in adults did not
include clinical data and the findings only per-
tained to participants aged 50 years or over. Thus,
the evidence for an area deprivation effect on oral
health over and above individual/household level
socioeconomic characteristics is relatively weak.

The rapidly expanding literature on the effects of
area deprivation on general health suggests that
area deprivation has a significant impact on health
outcomes over and above individual or family level
characteristics (31-34). However, area deprivation
may be less important than individual and family
level characteristics in influencing health outcomes
(31). Current research is moving beyond the simple
quantification of area deprivation effects and is
attempting to examine how neighbourhood level
and individual level factors are interrelated (35).
For example, what are the processes by which area
deprivation impacts on the health of individuals?
Are the same processes applicable to all social
groups? Are certain types of individuals protected
from the impact of area deprivation and what
individual level characteristics provide such pro-
tection? (33, 36-37).

It is clear that further research into the impact of
area deprivation on oral health is required. If oral
health is the outcome of an interaction between
individual and area level factors, it may be neces-
sary to target features of the environment in order
to reduce oral health inequalities (7). Until recently,
such research has been hampered by the limita-
tions of standard regression analysis. Research into
contextual effects usually results in clustered data.
The assumption of independence of observations is
then violated, resulting in an underestimation of
the SE of regression coefficients and a greater
chance of type 1 errors (38). Thus, an area depri-
vation effect may be exaggerated. Even if the
observations are truly independent, the disaggre-
gation of group level data to the individual level
and application of standard regression analysis
methods to the data rests on the possibly erroneous
assumption that contextual factors operate in the
same way for all social groups (39). For example,
the impact of area deprivation on oral health may
be greater for people from the lower social classes
rather than those from professional and managerial
backgrounds. An ecological approach overcomes
the problem of clustering, but the aggregation of
data may result in a loss of statistical power. The
role of individual level variables in shaping health
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outcomes is also ignored (35). Where there are a
small number of groups, defining separate regres-
sion coefficients for each group works well. How-
ever, this method is not practical where there is a
large number of groups, or small numbers of
participants in each group (35).

Multilevel modelling overcomes these difficul-
ties by allowing the simultaneous examination of
the effects of contextual and individual level
predictors. Variance is partitioned into contextual
and individual levels. This provides a helpful
estimate of the magnitude of contextual effects as
well as reducing the likelihood of type 1 statistical
errors. Interactions between contextual and indi-
vidual level predictors can also be explored (40).
Whilst multilevel modelling is now used regularly
in periodontal research (41, 42), it has had little
application in research exploring the social deter-
minants of oral health other than a study exploring
the association between school environment and
childhood traumatic dental injury (43). This study
uses multilevel modelling to explore the associ-
ation between area deprivation and oral health
outcomes in adults.

Method

Data

The data were taken from the 1998 Adult Dental
Health Survey in the UK (44). This is the only
dataset available in the UK, which has both
individual/household level socioeconomic indices
and area level deprivation scores available and
provides clinical oral health data on adults. The
survey was undertaken by the Office for National
Statistics in collaboration with the dental schools of
Birmingham, Dundee, Newcastle-upon-Tyne and
Wales. At the first stage 76 postcode sectors in
England, 32 postcode sectors in Scotland and 16
postcode sectors in Wales were selected from a list
stratified by region (Government Office Regions),
socioeconomic group and car ownership. Forty
addresses within each sector were then selected.
This gave a total of 4960 sampled addresses.
Interviewers were sent to each address to seek
interviews with all adults aged 16 or over living
there. Eleven per cent of these addresses did not
contain an eligible household. Of the remaining
eligible addresses, 21% refused to take part and 5%
could not be contacted; 3666 households respon-
ded. A total of 6764 adults were found in the
remaining addresses. Of these, 6204 (92%) agreed
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to be interviewed about dental issues. A total of
5281 adults had one or more natural teeth. Of these
dentate adults, 3817 (72%) had a dental examina-
tion in addition to being interviewed about their
dental health. Further details regarding the con-
duct of the study, calibration of examiners, etc. are
detailed elsewhere (44).

The data subset analysed in this study consisted
of 632 dentate participants living in 346 households
located in 31 postcode sectors in Scotland who had
a dental examination. The Scottish data subset was
selected from the whole as this was the only data in
the survey to have area deprivation scores avail-
able, which corresponded to the postcode sectors.
Data from one postcode sector in Scotland were not
included in the analysis as the area deprivation
scores were mixed within the sector.

Oral health outcomes

Three outcome measures were chosen:

e number of sound teeth (including restored
sound teeth);

® one or more unsound teeth;

® periodontal pocketing 4 mm or greater on one or
more teeth.

The number of sound teeth (including restored
sound teeth) corresponds to the ‘number of func-
tioning teeth’ (FS-T), a composite indicator of
dental health (45). FS-T is more sensitive than the
sum of decayed, missing and filled teeth (DMFT) in
identifying social and behavioural risk factors
significantly related to oral health (45).

The variables ‘one or more unsound teeth’ and
‘periodontal pocketing 4 mm or greater on one or
more teeth’ represent the presence of unrestored
dental caries and periodontal disease history,
respectively. Continuous data on the number of
unsound teeth and the number of teeth with
pocketing 4 mm or greater did not transform to a
normal distribution using a variety of different
transformations. One solution is to transform the
data into an ordinal scale and undertake multilevel
modelling for ordered categorical responses (40).
However, as there were very small numbers of
participants in categories representing high levels
of caries or severe periodontal disease, the models
did not converge. Thus, the number of unsound
teeth and the number of teeth with pocketing 4 mm
or greater were re-coded into the dichotomous
variables ‘one or more unsound teeth’ and ‘perio-
dontal pocketing 4 mm or greater on one or more
teeth’, respectively. The thresholds for dichotomis-
ing the continuous data on caries and periodontal



disease corresponded to those in the 1998 Adult
Dental Health Survey (44).

Missing data

There were missing data relating to head of
household social class (7.9%), weekly household
income (7.6%) and periodontal pocketing (7.4%).
A missing data analysis was undertaken. Forty-
eight per cent of missing social class data was
due to the head of the household having never
worked. There were missing social class data in
all the age groups but participants in the 16-24
age group had the largest proportion of missing
data (20.7%). There were no observable patterns
with regard to missing income data. Missing
periodontal data were due to a medical history
problem, which prevented the periodontal
examination being conducted. Participants with
missing periodontal data had a mean age of
52.4 years compared with the general mean of
42.8 years. The area deprivation profile of partic-
ipants with missing data and those with complete
data differed. There was a loss of participants
from the most affluent areas; 57% participants
with missing socioeconomic data lived in Depcat
areas 1-3, whereas 49% participants with com-
plete data lived in those areas. Participants with
missing socioeconomic data had slightly more
sound teeth (mean 23.2 teeth) than those with
complete data (mean 22.3 teeth). They were much
less likely to have periodontal pocketing 4 mm or
more (34.1%) then those with complete data
(50.7%), and much less likely to have one or
more unsound teeth (38%) than those with
complete data (47.3%). Only complete data were
analysed. The net effect of the missing data was a
loss of participants with better oral health, and a
loss of participants from the most affluent areas.

Statistical methods

A three level random intercepts model (individ-
ual, household and area) was fitted for each oral
health outcome (Null model). Households were
included as a separate level in the model because
of evidence of a significant degree of clustering at
the household level in similar surveys (46). The
variable ‘number of sound teeth’ was treated as a
continuous variable. A normal scores transforma-
tion was used to achieve normal distribution of
the residuals (40). Normal probability plots, in
which the ranked residuals are plotted against
corresponding points on a normal distribution
curve, were used to verify the assumption of
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normality of the residuals at each level (38).
Logistic multilevel regression modelling was used
for the binary outcomes.

Carstairs and Morris area deprivation scores
based on 1991 census data were added to the Null
model for each oral health outcome in order to
assess the association with area deprivation with-
out other covariates (Model 1). The deprivation
index is based on four factors in the postcode
sector: level of overcrowding in households; male
unemployment; proportion of social classes IV and
V; and the proportion of persons in private house-
holds with no car. The index consists of seven
deprivation categories (Depcat 1 = least de-
prived, Depcat 7 = most deprived) (47). Because
of the low numbers of participants in Depcat areas
1,6 and 7, the area deprivation score was re-
categorised into five groups with Depcat 1-2 and
Depcat 67 areas combined.

Individual and household level explanatory
variables were then added to the null model for
each oral health outcome (Model 2). Individual
level explanatory variables included age, sex and
level of educational qualification [no qualifica-
tions, below degree level, and degree level and
above]. The relationship between age and the
number of sound teeth (normal scores transfor-
mation) was found to be linear. Household level
explanatory variables were head of household
social class [Registrar General classification,
grouped into I[-IIINM, IIIM, IV-V] and weekly
household income. The relationship between
weekly household income and the number of
sound teeth (normal scores transformation) was
not linear and so the continuous income variable
was grouped into quintiles.

In order to assess if area deprivation contributed
to any of the area level variance in oral health
outcome in Model 2, the five-category area depri-
vation scores were added to Model 2 for each oral
health outcome (Model 3).

There were no a priori expectations of cross level
interaction effects and it was assumed that the only
variation between households and between areas
was in their intercepts. Thus, random slopes
models were not fitted.

Multicollinearity analyses included calculation
of the variance inflation factor (VIF) for each
explanatory variable (48). The highest VIF score
was 1.212, which is satisfactory (49). The stability
of model estimates for differing subsets of cova-
riates was also observed (48). There was no
reversal of the relationship between any
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independent variable and outcome variable when
other covariates were added to the models, which
again suggests that assumptions about multicol-
linearity were met (48).

Regression estimates were calculated by means
of the reweighted iterative generalised least square
algorithm using MLwiN 2.02 (50). In the multilevel
logistic regression models, second order PQL esti-
mation was used (40). The statistical significance of
individual parameters was calculated using the
Wald test (38). The statistical significance of area
deprivation was calculated using the likelihood
ratio test for the outcome ‘number of sound teeth’.
For the binary outcomes, the significance of area
deprivation was assessed using the Wald test,
which is appropriate for testing two or more
estimates simultaneously (33, 40).

Results

Participants had an average of 22.3 sound teeth
(SD = 6.86). Adults from the most affluent areas
(Depcat 1) had an average of 23.2 teeth compared
with those from the most deprived areas (Depcat 7)
who had an average of 17.3 teeth (Table 1). The
relationship between area deprivation and the
number of sound teeth was significant
(P = 0.024) when other covariates were not con-
sidered (Model 1, Table 2). However, the reduction
in area variance from 0.062 in the Null model to
0.020 in Model 2 (Table 2) suggests that some of the
area variation in outcome was associated with the
clustering of individual and household sociodemo-
graphic characteristics. Increasing age, member-
ship of social classes IV-V, having a low household
income and achieving no qualifications was signi-
ficantly associated with having fewer sound teeth

in Model 2 (Table 2). Area deprivation did not
significantly contribute to a reduction in area level
variance in Model 3 (Table 2) (P = 0.164). Thus,
the apparent relationship between area deprivation
and the number of sound teeth did not remain
when the clustering of individual and household
characteristics was taken into account.

Two hundred and ninety-one participants
(46.0%) had one or more unsound teeth. The
numbers of participants with one or more unsound
teeth living in each deprivation category are shown
in Table 1. In contrast to the outcome ‘number of
sound teeth’, the odds of having one or more
unsound teeth did not significantly increase
(P = 0.405) when area deprivation was the only
predictor in the model (Model 1, Table 3). A low
household income significantly increased the odds
of having one or more unsound teeth in Model 2
(Table 3), but no other individual/household var-
iables were significant. Area deprivation did not
significantly contribute to a reduction in area level
variance in Model 3 (Table 3) (P = 0.773).

Two hundred and eighty-six participants
(48.9%) had periodontal pocketing 4 mm or more
in one or more teeth. The numbers of participants
with periodontal pocketing 4 mm or more living
in each deprivation category are shown in Table 1.
As with the outcome ‘one or more unsound
teeth’, the odds of having periodontal pocketing
4 mm or more did not significantly increase
(P = 0.409) when area deprivation was the only
predictor in the model (Model 1, Table 4). Age
was the only individual/household level factor to
significantly increase the odds of having perio-
dontal pocketing of 4 mm of more (Model 2,
Table 4). There was little change in the substan-
tial area variance when area deprivation was
added in Model 3 (Table 4) (P = 0.581).

Table 1. The relationship between area deprivation and oral health outcome

Area deprivation

Number of participants

Number of participants with

(number of Mean number of with one or more periodontal pocketing 4 mm
participants) sound teeth (SD) unsound teeth (%) or more in one or more teeth (%)
Depcat 1 (55) (least deprived) 23.2 (7.99) 23 (41.8) 12 (23.5)

Depcat 2 (93) 24.2 (6.33) 32 (34.4) 37 (44.6)

Depcat 3 (168) 22.5 (6.52) 78 (46.4) 93 (69.2)

Depcat 4 (101) 23.3 (5.98) 45 (44.6) 31 (33.3)

Depcat 5 (166) 21.3 (7.15) 85 (51.2) 83 (54.2)

Depcat 6 (27) 20.8 (6.18) 15 (55.6) 21 (77.8)

Depcat 7 (22) (most deprived) 17.3 (7.52) 13 (59.1) 9 (42.9)

Significance' P = 0.024* P = 0.405 P = 0.409

*Significant at the P < 0.05 level.

'P values represent the effect of area deprivation in the multilevel model for each outcome (Model 1).
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Discussion

This study does not demonstrate a significant
association between area deprivation and the oral
health of adults after controlling for individual/
household sociodemographic characteristics. The
findings differ to those of similar studies, where a
significant relationship between oral health and
area deprivation is shown (17, 24, 25). However, in
contrast to the studies by Locker and Ford (24, 25),
the current study reports clinical outcomes rather
than self-reported oral health, and researches par-
ticipants from a wider age group. Moreover, the
current study investigates oral health outcomes in
adults rather than children.

The finding that individual/household sociode-
mographic factors are better predictors of oral
health outcomes than area deprivation is shared by
the wider health literature (31). However, the
significant area deprivation effect on the general
health of adults found in the wider health literature
(31-33), including a study from Scotland (34),
contrasts with the findings of this study. This could
be a reflection of the different aetiology of oral
disease. For example, the evidence of an association
between individual level socioeconomic status and
periodontal health is equivocal (51), and it has been
argued that periodontitis has a predominantly
biological rather than a social aetiology (52). Fur-
thermore, there is better access to NHS dental
services in most of the areas of high deprivation in
Scotland compared with the less deprived areas,
which may be ameliorating the effects of area
deprivation (53).

Conversely, it is possible that there is an associ-
ation between area deprivation and oral health
which was not shown in this study. Demonstrating
a causal relationship between neighbourhood con-
text and health outcome is challenging (54). Popu-
lation migration, environmental change, a time lag
in manifestation of health-related contextual effects,
and the differential impact of environmental factors
on people of different ages and for different types
of disease, are just some of the difficulties to be
overcome (55-57). Moreover, individuals are both
shaped by, and shape their neighbourhoods. For
example, an individual’s social class, based on his
or her occupation, may be constrained by the local
labour market (58).

Furthermore, it can be difficult to disentangle the
effects of individual/household socioeconomic fac-
tors and neighbourhood deprivation in statistical
models (59). It is possible that the area deprivation

126

score acts as a socioeconomic descriptor of the
individual/household rather than an indicator of a
genuine contextual effect (7, 34).

It is also very difficult to capture the essence of
‘deprivation” in one score (7, 60). The use of the
1991 Carstairs and Morris area deprivation indica-
tor could be criticised in this respect. The indicator
favours material rather than social deprivation.
Newer indices such as The Scottish Index of
Multiple Deprivation 2004 have better construct
validity. The index is based on 31 indicators in the
six domains of income, employment, housing,
health, education, skills and training and geo-
graphic access to services and telecommunications
(61).

Another possible reason for an apparent lack of
association relates to the use of temporally mis-
matched deprivation data, which may introduce
errors into the analysis (62). This is a common
practice in studies examining the impact of area
deprivation on general health because of the lack of
contemporaneous deprivation data (34, 63). Con-
siderable efforts were made to de-code the post-
code sectors in the data set in order to be able to use
more contemporaneous deprivation data obtained
from measures with better construct validity.
However, confidentiality clauses regarding the
release of information about postcode sectors
meant that the use of existing data was unavoid-
able.

The small sample size and missing data are other
potential sources of bias. The sample size is rather
small for multilevel modelling (64). Power for
estimates at each level depends on the number of
units at each level, although the number of higher
level units has more effect on statistical power than
the number of individual observations (64). It is
possible that a significant relationship between
area deprivation and oral health was not observed
because of a small number of geographical areas in
the dataset leading to a type 2 error. Small numbers
of higher level units can also lead to an underes-
timation of the SE of the higher level variances (65).
The few participants with severe periodontal dis-
ease and/or multiple unsound teeth and the lack of
participants in some deprivation categories were
consequent of the small sample size. The resultant
dichotomisation of variables and the combination
of deprivation categories are a potential source of
bias in the study through loss of information and
statistical power.

The area level variance in the outcome ‘perio-
dontal pocketing 4 mm or more’ is surprisingly



large. It is very likely that some of the area level
variance in periodontal status is due to poor inter-
rater reliability. Before the survey was undertaken,
training for the examiners was provided and a
calibration exercise undertaken to measure vari-
ation between dentists. However, calibration data
were only calculated for the condition of tooth and
root surfaces, tooth wear, contacts and spacing. The
nature of the clinical data and the number of
different variables that were measured in the
survey meant that no calibration data were calcu-
lated for periodontal condition. There was also no
re-calibration during the period of data collection
(44). Moreover, the dataset did not include some
individual level variables often included in perio-
dontal studies such as stress or smoking status. It is
therefore possible that the high area level variance
is also due to the clustering of individuals in
geographical areas with these unmeasured indi-
vidual level characteristics (29).

The study demonstrates the importance of con-
sidering the clustering of individual and household
sociodemographic characteristics when exploring
the association between area deprivation and oral
health. Multilevel modelling is a useful statistical
tool for analysing contextual effects on oral health
because of its ability to account for both composi-
tional and contextual factors in explaining individ-
ual health outcomes and is superior to analyses
conducted at the individual level (40). However,
limitations of multilevel modelling include the
need for larger datasets with the associated cost
considerations (64), and the increased complexity
of multilevel analysis in comparison with single
level regression analysis. In this study, separate
models were specified for each oral health out-
come. Multivariate multilevel modelling, where
different outcomes are modelled simultaneously,
may be useful in future research. Although the
modelling is more complex, the relative influence
of predictor variables can be assessed simulta-
neously for each outcome, and the covariation
between oral health outcomes at individual, house-
hold and geographical levels can be explored (66).
Moreover, multivariate multilevel modelling con-
fers some advantages for handling missing data,
and increasing statistical power (40).

In conclusion, this study significantly contributes
to the debate surrounding the relationship between
area deprivation on oral health and disease,
because of the lack of similarly conducted studies
in adults using clinical indices of oral health.
Whilst there are clearly reasons why there may be
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a type 2 error in this study, and contextual effects
may be being missed, the fact remains that no clear
relationship was found between area level depri-
vation and adult oral health. These findings ques-
tion current understanding of the role of area
deprivation in shaping oral health. Further re-
search is therefore required using a prospective
longitudinal design, a much larger number of
participants and geographical areas and contem-
poraneous deprivation indices with better con-
struct validity. Furthermore, the relative effects of
area deprivation on different social groups should
be investigated. In addition, it would also be
interesting to explore the relative impact of other
contextual factors on oral health such as income
inequality, social capital, rurality, access to servi-
ces, features of the working environment, etc. in
relation to area deprivation, taking into account
individual/household characteristics.
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