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Abstract — Objectives: With health inequalities high on the policy agenda, this
study measures oral health inequalities in the UK. Methods: We compare an
objective clinical measure of oral health (number of natural teeth) with a self-
reported measure of the impact of oral health (the Oral Health Impact Profile,
OHIP) to establish whether the type of measure affects the scale of inequality

measured. Gini coefficients and Concentration Indices (CIs) are calculated with

subsequent decompositions using data from the 1998 UK Adult Dental Health
Survey. Because the information on OHIP is only available on dentate
individuals, analyses on the number of natural teeth are conducted for two
samples — the entire sample and the sample with dentate individuals only, the
latter to allow direct comparison with OHIP. Results: We find considerable
overall pure oral health inequalities (number of teeth: Gini = 0.68 (including
edentate), Gini = 0.40 (excluding edentate); OHIP: Gini = 0.33) and income-
related inequalities for both measures (number of teeth: CI = 0.35 (including
edentate), CI = 0.15 (excluding edentate); OHIP: CI = 0.03), and the CI is
generally higher for the number of teeth than for OHIP. There are differences
across age groups, with Cl increasing with age for the number of teeth
(excluding edentate: 16-30 years: CI = 0.01, 65 + years: CI = 0.11; including
edentate: 16-30 years: CI = 0.01, 65 + years: CI = 0.19). However, inequalities
for OHIP were highest in the youngest age group (CI = 0.05). Number of teeth
reflects the accumulation of damage over a lifetime, while OHIP records more
immediate concerns. Conclusions: There are considerable pure oral health
inequalities and income-related oral health inequalities in the UK. Using
sophisticated methods to measure oral health inequality, we have been able to
compare inequality in oral health with inequality in general health. The results
provide a benchmark for future comparisons but also indicate that the type of
health measure may be of considerable significance in how we think about and
measure oral health inequalities.
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Improvements in oral health that have occurred in
recent decades, well illustrated by data from the
UK (1), Canada and the United States (2), are
important, but there remain inequalities in oral
health between different socioeconomic groups.
The central aim of this article is to investigate and of health.

doi: 10.1111/cdoe.12071

measure oral health inequalities in the UK.
Inequalities in health matter to everyone (3) and if
individuals are to have the opportunity to flour-
ish, they need to have good health (4). In this
context, oral health is not different to other areas
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Recent research has demonstrated consistent
and clear social gradients in oral health in Britain
(5, 6) and in other countries (2, 7-9). However,
sophisticated inequality measurement would seem
necessary to investigate oral health inequality
because socioeconomic gradients give important
insights into inequalities, they do not provide mea-
sures of the scale of inequalities that are comparable
across different types of health, countries or time.
In the area of oral health, there has been limited
use of inequality measures, notable exceptions
include Listl (10), Mejia et al. (11) and Perera and
Ekanayake (12), who have applied Concentration
Indices (ClIs) and Slope Indices of Inequality (SIls)
in their research.

To measure inequality, it is important to con-
sider the most appropriate health outcomes.
Researchers in the wider field of health inequalities
often rely on self-reported health measures avail-
able in household surveys because objective mea-
sures are often too costly to collect. It is possible,
however, that self-reported measures suffer from
reporting error, which has implications for the
measurement of inequality and the associated
determinants of health (13). It is also possible that
when measuring inequality, self-reported mea-
sures may behave differently to objective or clinical
measures. Oral health data offer us the opportunity
to compare different types of health measures,
helping us to gain a richer understanding of
inequalities. This article will explore the size of oral
health inequalities in the United Kingdom and in
doing so will examine some technical and philo-
sophical questions of measurement using a self-
reported measure of the impact of oral health on
daily life and an objective clinical measure of oral
health. We will use contemporary methods for
measuring inequality and explore the relative
contributions of the major determinants.

Data and method

The data used in this study are from the 1998 UK
Adult Dental Health Survey, comprising a repre-
sentative sample of 6764 adults aged 16 and above
living in private households in the UK. 6204
respondents completed the interview. Of those
interviewed, 5281 respondents had some natural
teeth (dentate) and the other 923 respondents had
lost all of their natural teeth (edentate). Dentate
respondents were given dental examination, of
which 3817 completed the examination.
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Two oral health indicators were used as out-
come variables: the number of natural teeth and
the 14-item Oral Health Impact Profile (OHIP)
score. The number of natural teeth represents
the accumulation of disease and damage over
the lifetime. By contrast, OHIP is a self-reported
measure of the day-to-day impact of oral health
on the individual and comprises 14 questions in
seven domains structured around Locker’s
model of oral health (14, 15). The measure has
been used widely in oral epidemiology. Here,
we use a count of the number of oral health-
related problems occurring fairly or very often
(15), so the score ranges between 0 and 14. For
this analysis, the overall score of OHIP has been
reversed, so that a higher score indicates better
oral health, to provide consistency with the
number of teeth indicator. The information on
OHIP is only available on dentate individuals,
so the subsequent analysis of inequality in the
number of natural teeth is carried out for two
samples — the entire sample and the dentate
sample, the latter allowing direct comparisons
with OHIP.

We apply the Gini Index (16) and the Concen-
tration Index (CI) (17) to measure the extent of
inequality in oral health for the two outcome
measures. The Gini Index and CI are based on
Lorenz curves. The Lorenz curve for health is
formed by plotting the cumulative proportion of
health in the population against the cumulative
population, ranked by health. With no inequality,
this would plot a 45° line. The Gini coefficient
measures the area between the Lorenz curve and
the 45° line (perfect equality). A value of 0 indi-
cates no inequality, and a value of 1 indicates
perfect inequality. The CI is based on a similar
procedure with the cumulative proportion of the
population ranked by health replaced by the
cumulative proportion of income. The Gini Index
measures pure health inequality, whereas the CI
measures income-related health inequality. Both
measures range from 0 to the absolute value of 1.
The value of 0 indicates complete equality, and
the higher the value, the more unequal it is. Er-
reygers (18) suggests a method to adjust the indi-
ces to make them comparable across different
health measures. We present both unadjusted and
adjusted results.

The first step of decomposition is to run a
regression model to examine social determinants
of oral health, and this will help us understand
oral health inequalities. The social determinants



UK oral health inequalities

Table 1. Summary statistics of outcome variables and covariants

Outcome variables Mean (standard error) Minimum Maximum
Number of natural teeth 20.93 (0.17) 0 32
(including edentate)
(N = 3946)
Number of natural teeth 24.70 (0.11) 1 32
(excluding edentate)
(N = 3230)
Reversed OHIP 12.30 (0.04) 0 14
(excluding edentate)
(N = 3230)
Percentage
Including Excluding
edentate edentate
Covariants Category (N = 3946) (N = 3230)
Gender Male 45.06 45.85
Female (reference) 54.94 54.15
Age group 16-30 18.42 22.45
31-40 20.27 24.37
41-50 17.49 20.25
51-65 22.66 21.42
66-95 (reference) 21.16 11.52
Education Had some qualification 70.70 79.13
No qualification (reference) 29.30 20.87
Marital status Single 15.97 17.8
Widowed 9.66 4.58
Divorced /separated 8.08 8.30
Married (reference) 66.29 69.32
Social class Social class 1 professional occupations 4.28 5.02
Social class 2 managerial and technical occupations 26.71 29.94
Social class 3 skilled nonmanual occupations 23.77 24.64
Social class 3 skilled manual occupations 20.17 19.1
Social class 4 partly skilled occupations 17.61 16.13
Social class 5 unskilled occupations (reference) 7.45 5.17
Region England north 15.99 15.70
England midlands 13.91 13.90
Wales 13.38 13.31
Scotland 19.56 17.59
Northern Ireland 10.01 10.09
England south (reference) 27.14 29.41
Economic activity ~Part time 16.14 18.39
Unemployed 2.33 2.63
Retired 24.15 15.20
Others (student, homemaker disabled, etc.) 14.12 13.81
Full time (reference) 43.26 49.97
Income Log continuous weekly household income Mean: 5.82 Mean: 5.94

(standard error: 0.01)  (standard error: 0.01)

of oral health being examined in the regression
analysis include income, education, marital sta-
tus, social class, region, economic activities, as
well as age and gender. The income variable is
the log transformation of weekly household
income, and social class is measured using Regis-
trar General’s Social Classification. Full details of
the independent variables are listed in Table 1. A
range of models have been tested before select-
ing the model presented.

The CI is decomposed (19) to capture the linear
associations between the health variable and
covariants. It should not be considered as a struc-
tural model or used to infer a direction of causality.
Decomposition reveals contributions of different
socioeconomic factors to the income-related health
inequalities. The contribution of each socioeco-
nomic factor can take both positive and negative
values. When the health variable is increasing in
good health as in this case, positive (negative) CI
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indicates pro-rich (pro-poor) inequality, meaning
inequality would decrease (increase) if the covari-
ant was to become more equally distributed across
the income distribution. All the analyses are per-
formed using sampling weights.

Results

Detailed summary statistics of the outcome vari-
ables and socioeconomic covariants are presented
in Table 1. The mean number of natural teeth for
the entire sample when edentate individuals are
included is 20 (25 when edentate individuals are
excluded). The average reversed OHIP score is 12,
which is close to the maximum score of 14 suggest-
ing a mean of around two oral health problems
among the population. There are more female
(55%) than male participants in the sample. The
majority (71%) of the population have some form
of qualification, and most (66%) are married. Less

Table 2. Gini and Concentration Indices

than half (43%) of the population is in full-time
employment.

Inequality measures

The Gini Index and CI for the entire sample, and
by age and sex, are shown in Table 2. Overall,
inequality is highest when oral health is measured
as number of natural teeth (particularly when
including edentate) and, for both pure health
inequality and income-related health inequality,
lowest when measured using OHIP. Gini Index
and CI are also examined for each age-gender
group. Pure health inequality (the Gini) increases
markedly with age for the number of teeth (with
and without edentate) — for both sexes combined,
the Gini Index is 0.1674 in the youngest group but
0.6591 among the oldest (including edentate); how-
ever, a different trend is observed for OHIP with a
slight increase up to the age group of 41-50 fol-
lowed by a decrease in pure health inequality.
Comparing the measures, it appears that up to age

Gini and CI for the whole population

Number of Number of
natural teeth natural teeth OHIP
(including edentate) (excluding edentate) (excluding edentate)
Inequality measures (N = 3946) (N = 3230) (N = 3230)
Gini coefficients Gini 0.2597 0.1267 0.0947
Adjusted Gini 0.6796 0.4039 0.3329
Concentration Indices CI 0.1351 0.0460 0.0088
Adjusted CI 0.3534 0.1467 0.0309
Gini and CI for each age-gender group
Adjusted Gini Adjusted CI
Number of Number of Number of Number of
natural teeth natural teeth OHIP natural teeth natural teeth OHIP
Age—gender (including (excluding (excluding (including (excluding (excluding
groups edentate) edentate) edentate) edentate) edentate) edentate)
16-30 All 0.1674 0.1695 0.3510 0.0121 0.0115 0.0521
Male 0.1586 0.1657 0.3391 0.0023 0.0045 0.0430
Female 0.1706 0.1673 0.3621 0.0205 0.0183 0.0623
31-40 All 0.2499 0.2195 0.3188 0.0651 0.0464 0.0615
Male 0.2629 0.2272 0.2709 0.0738 0.0613 0.0409
Female 0.2346 0.2099 0.3626 0.0579 0.0309 0.0773
41-50 All 0.3766 0.3145 0.3832 0.0973 0.0926 0.0161
Male 0.3898 0.3107 0.3430 0.0640 0.0688 0.0324
Female 0.3633 0.3178 0.4173 0.1269 0.1159 0.0049
51-65 All 0.7135 0.4708 0.3003 0.3083 0.1590 0.0333
Male 0.7109 0.4749 0.2804 0.3447 0.1750 0.0353
Female 0.7152 0.4655 0.3194 0.2615 0.1391 0.0236
66-95 All 0.6591 0.5385 0.2721 0.1861 0.1100 0.0262
Male 0.6929 0.5719 0.2643 0.2237 0.1606 0.0061
Female 0.6255 0.5014 0.2782 0.1390 0.0665 0.0455
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Table 3. Regression results

UK oral health inequalities

Number of natural teeth
(including edentate)

Number of natural teeth
(excluding edentate)

OHIP
(excluding edentate)

Covariants Coefficient  Standard error  Coefficient Standard error  Coefficient  Standard error
Log weekly income 1.093™ 0.189 0.730"" 0.139 0.271"" 0.072
Male 0.087 0.259 0.067 0.194 0.148 0.100
Age group 16-30 14.969" 0.591 9.051"" 0.494 —0.359 0.255
Age group 31-40 13.902" 0.567 8.364" 0.481 —0.090 0.248
Age group 41-50 11.518™ 0.575 6.198"" 0.485 —0.456 0.251
Age group 51-60 5393 0.477 2,623 0.424 0.015 0.219
Had some qualification ~ 3.466 0.304 1.738™ 0.235 0.089 0.121
Single 0.098 0.337 0.256 0.242 0.227" 0.125
Widowed —2.096"" 0.473 —0.422 0.463 0.028 0.239
Separated /divorced —0.043 0.453 0.096 0.336 —0.147 0.174
Social class 1 3.963™ 0.704 2.255™ 0.539 0.856"" 0.278
Social class 2 3.2957" 0.507 1.962°" 0.409 0.327 0.211
Social class 31 2.8417 0.488 1.853"7 0.399 0515~ 0.206
Social class 32 1.6617" 0.504 1.425™ 0.409 0.600™ 0.211
Social class 4 1.481" 0.494 1.349™ 0.407 0.327 0.210
North England 2418 0.291 -1.293™ 0.219 -0.078 0.113
England midland 11727 0.302 -0.252 0.228 0.235" 0.118
Wales -1.885"" 0.525 —1.023" 0.396 0.175 0.204
Scotland —3.673" 0.412 ~1.972™ 0.319 —0.070 0.165
Northern Ireland —1.900" 0.751 —1.183" 0.557 0.339 0.288
Part time 0.637" 0.348 0.027 0.251 0.154 0.130
Unemployed 1.168 0.736 0.491 0.507 —0.441 0.262
Retired —0.858" 0.503 —0.899™ 0.423 0.504" 0.218
Others —0.708" 0.399 —0.460 0.291 —0.612"" 0.150
_cons 2.088 1.315 11.974 1.018 10.234 0.526
N 3946 3230 3230

R square 0.5786 0.4317 0.0453

F for regression 224.36 101.45 6.34

P>F 0.000 0.000 0.000

*90% significance, **95% significance, ***99% significance.

50, inequalities for OHIP are higher than for the
number of natural teeth, while after the age of 50,
inequalities are lower for OHIP. For income-related
health inequality as measured by CI, a similar
trend is observed, although the magnitude of
inequality is smaller and the age at which the rela-
tive magnitude changes is 40.

Regressions and decompositions of CI
Multiple regressions are estimated to understand
the socioeconomic determinants of oral health. CI
of each oral health indicator is decomposed to
examine relative contributions of the covariants.
Table 3 shows the regression results for all three
sets of oral health outcomes. For the number of
teeth, there is a clear age gradient, a social class gra-
dient and the expected income effect. For OHIP, the
results are mixed. Income has a significant impact
on OHIP, but there is no clear age gradient and a
less consistent and significant social class gradient.
Decomposition results are presented in Table 4,
with aggregated contributions calculated for each

set of categorical variables. It appears that the major
contribution to income-related inequality in oral
health is income (following age for number of teeth
outcome). For number of teeth, social class and
whether respondents had qualifications make the
next largest additional contributions to the overall
inequality. Education is important because it has a
large impact on oral health outcomes (reflected by
its elasticity) and also is unevenly distributed along
the income distribution (reflected by the CI for edu-
cation). The latter suggests that highly educated
people are over-represented at the higher end of
the income distribution (demonstrated by the posi-
tive CI for education). For OHIP, the decomposi-
tion results require cautious interpretation because
of the low explanatory power of the determinants
of health regression. However, there is a relatively
small age contribution, largely because the elastic-
ity (responsiveness of OHIP to the covariant) of age
is small. The contribution of education is also smal-
ler. Interestingly, being retired is associated with a
better OHIP score, and the retired are over-repre-
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sented in the lower end of the income distribution
(demonstrated by the negative CI for retired). If the
retired group were more evenly distributed across
the income distribution, then the measured CI (in
this case) would be close to zero.

Discussion

Our results raise a number of issues when trying to
understand oral health, oral health inequalities and
inequalities more generally. The most important
issue, but perhaps the least surprising, is that
measurable oral health inequalities exist and can
be significant. There is clear evidence from this
work that individuals at the lower end of the
income distribution suffer from worse oral health
than individuals at the higher end.

Given the nature of the conditions concerned, the
scale of inequalities is unlikely to change quickly, so
these results using the 1998 survey will give us
information about inequalities and provide a bench-
mark for considering how inequalities may change
in the future. The greatest value of the data reported
here relates to what they tell us about what we mea-
sure when examining inequalities in oral health.

The inequalities are much larger when measured
using the number of teeth measure compared with
OHIP. For the number of teeth, the Gini coefficient
for the UK is 0.6769 including the edentate and
0.4039 when they are excluded.' This compares to
a Gini for overall health inequality of 0.1131 in
England (20).> The latter is based on a sample of
the English population over 50 and will be lower
because the variation in health in a restricted age
group will be smaller, but the difference in these
measures is still striking. In terms of income-
related inequality, for the number of teeth, CI was
0.3534 (including edentate). This is also substan-
tially higher than CIs for general health of 0.012
and 0.11 calculated by Jurges (20) and Van Doorsl-
aer et al. (21), respectively.

! The figures presented here are adjusted using Errey-
gers’ method; however, even using unadjusted Gini
indices, our results are still higher compared with
Gini of the population’s general health found in the
literature.

Making comparisons across the literature always has
to be treated with caution because of different sample
sizes and different adjustment methods (or in some
studies including the Jurges (20) study, no adjust-
ments are made).

UK oral health inequalities

The age-related increases in inequality for the
number of teeth measure highlight how inequali-
ties may operate across long periods of life, specifi-
cally the impairment (loss of teeth) resulting from
cumulative damages due to dental caries, peri-
odontal disease and their sequelae. An individual’s
number of teeth is affected by numerous factors
across the lifetime including disease risks, personal
behaviours, behaviours of the professionals (such
as dentists) and upstream contextual determinants.
The number of teeth therefore captures a lifetime
cumulative experience. By contrast, the OHIP mea-
sure captures the way that a person’s oral condition
has impacted on their daily life in recent months.

These data could be identifying both important
cohort and age effects. Older individuals will have
come from a time when oral health outcomes were
generally worse in the population as a whole (1,
22). Consequently, we cannot assume that inequal-
ity of this scale will persist as time changes. Future
generations may experience different distributions
of oral health as a result of changing attitudes,
technologies and behaviours, and this may alter
the scale of inequality.

In many studies of inequality in general health,
there are healthy survivor effects that can result in
falling inequalities in older age. Using the number
of teeth as the outcome measure, we see inequali-
ties are substantially worse later in life, as individ-
uals who have had poor oral health for a period of
years start to see the long-term physical damage
that eventually results. This is evident in both pure
inequality and income-related inequality. Further-
more, inequalities are larger when edentate indi-
viduals are included in the analysis. Adding
observations increases the variation, especially in
this case where the edentate represents those indi-
viduals with the poorest oral health, and often the
lowest incomes.

The results also highlight the difference between
objective clinical and self-reported measures of
health. There are stark differences in measured
inequality, the determinants of health and the
decomposition when comparing OHIP (the self-
reported assessment of impact and related quality
of life) to the number of teeth (an objective clinical
measure). The relationship between age, tooth loss
and OHIP is not straightforward. Epidemiological
studies have demonstrated that younger groups
often have worse OHIP despite having more teeth
(23, 24). Inequality is substantially less overall when
measured by OHIP for the whole population, and
the pattern related to age is also fundamentally dif-
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ferent. In the younger age groups, when measured
using the OHIP, inequality is generally larger than
when measured using the number of teeth. In the
older age groups (above 50 for the Gini coefficients
and above 40 for the CI), this situation is reversed.

Earlier work, investigating the differences
between objective and self-reported measures of
health, concludes that self-reported measures are
subject to measurement error, making them unreli-
able for investigating health inequalities (13, 25).
This may be the case but there may be further issues
when considering self-reported measures, specifi-
cally the differences in expectations of health (which
may be generational) and the capacity for an indi-
vidual to adjust their expectations of health to their
circumstances (which may be age related). In both
cases, one might postulate that social conditions
and personal contexts would be important in mak-
ing an assessment of one’s own health, unlike the
objective measure of number of teeth which is a cold
record of historic physical damage to the dentition.

The substantially lower levels of inequality in
the OHIP may be related to either different expec-
tations from older generations or adaptation to
changed circumstances with increasing age. For
policy makers, this raises an important but very
awkward question: is it important to focus on the
inequalities from objective measures, requiring a
lifetime commitment, or to assume that more
deprived individuals will accept their poor health
situation, and concentrate on self-reported mea-
sures that represent the patients” own present per-
ceptions of their oral health and not worry about
the future? Furthermore, if there are cohort effects
at work here, such adaptation may not automati-
cally follow in future generations. Current older
generations, who have a shared experience of
poorer dental health, may be more willing or able
to adapt than younger generations. Over time it is
possible that we may observe the differences
between clinical measures and measures of the
impact of oral health becoming closer.

The decomposition results show that the deter-
minants of income-related health inequality con-
tribute differently to income-related inequality
depending on the measures of oral health used,
suggesting that different policy responses may be
needed based on the oral health measure exam-
ined. It also has been shown that the distribution of

® There is also a body of work using vignettes to inves-
tigate problems of heterogeneity in the reporting of
self-assessed health (26-28).
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the factors is important, suggesting that policy
makers may need to try and change the distribu-
tion of the determinants. Another policy implica-
tion relates to the Marmot’s recommendation on
proportionate universalism. We see a gradient of
inequalities across the material measure of income
and also for other demographic factors such as age
and economic activity status. Marmot (3) suggests
that the existence of these gradients means that we
should not solely focus on the most disadvantaged,
but take universal actions with a scale and inten-
sity that is proportionate to the level of disadvan-
tage and in particular, also to the level of other
demographic factors such as age.

The strength of the study lies in the ability to
apply the more sophisticated inequality measures
in the field of oral health and the opportunity to
investigate both objective and self-reported mea-
sures of the impact of oral health with this unique
and rich data set. Our findings have important
implications for how we should measure health
inequality when faced with different type of health
indicators and how we should consider the cohort
and age effects with changing populations” percep-
tions. There are, however, some limitations to this
study. One of the main issues is the low explana-
tory power of the OHIP regression, which may
indicate the existence of other unobservable factors
that affect self-reported measure of oral health.
Further research will look to address the limita-
tions and conduct comparisons over time using
future waves of the Adult Dental Health Surveys.

Conclusion

We have demonstrated that oral health inequalities
exist and this is consistent with earlier findings. We
also find that inequalities depend on the outcome
measure of oral health that is used as an outcome.
Further, using sophisticated methods to measure
inequality, we have been able to compare inequal-
ity in oral health with inequality in general health.
These results have highlighted a number of
issues surrounding inequalities in oral health and
the importance of income as a determinant of oral
health, even in a country with a publicly funded
oral healthcare system. The cumulative nature of
the impairments that result from oral diseases and
the way they are treated create very specific issues
for measuring inequalities in oral health. Self-
reported measures of impact may be affected by
adaptation of the individual to any impairment



and so may be quite dynamic. Clinical measures
are costly to collect, may require lifelong commit-
ment and do not take into account individuals’
quality of life. This methodology issue is high-
lighted for future research.
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