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Abstract

Aim: To assess whether there are social inequalities on periodontitis at the population level in a deprived area of the
United Kingdom (UK) and further elucidate the relationship between socio-economic position, plaque accumulation,
tobacco smoking, and chronic periodontitis in a representative sample of adults living in a multicultural and socially
deprived area.

Methods: The present sub study used the cross-sectional data previously collected in the East London Oral Health
Inequality (ELOHI) study, conducted in the outer northeastboroughs of London, UK. A stratified two-staged sampling was
performed which consisted of a sample of 2149 adults (16-65 years of age). Participants underwent an oral examination
and answered a supervised questionnaire in their own homes. Data regarding information on the explanatory variables:
socio-economic position (SEP), oral health behaviour and indicators were obtained from the ELOHI study. The main
outcome variable for the present sub study was chronic periodontitis (presence of at least one site of a tooth with a
pocket depth (PD) 24mm). Statistical analysis included conceptual hierarchical modelling and mediation analysis. The
level of statistical significance was set at 0.05.

Results: The prevalence of periodontitis in this area of East London was very high, 80.5% among males and 82%
among females although these differences were not statistically significant. Hierarchical conceptual modelling analysis
demonstrated that those in the manual/routine occupations category were 2.21 (95% CI 1.64-2.989) more likely to have
chronic periodontitis than those in the professional category. The difference between those in the intermediate and the
professional and managerial occupations category were not statistically significant after adjusting for demographic and
behavioural variables. The results of mediation analysis, using the four steps proposed by Baron and Kenny demonstrated
that the association between socio-economic position and periodontitis was partially mediated through smoking.

Conclusion: A social gradient in periodontal diseases in part mediated by tobacco consumption may exist even in
areas where there are highly socially deprived communities was identified. SEP as measured by NS-SEC was found to be
associated with the chronic periodontitis experience (PD = 4mm) with individuals placed higher in the NS-SEC ranking
demonstrating a lesser risk of disease as compared to a lower NS-SEC ranking.
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Introduction

Severe chronic periodontitis (SCP) was listed on the top
ten most prevalent cause of health loss around the globe
among all 313 diseases assessed in the Global Burden of
Diseases, Injuries, and Risk Factors 2015 (GBD) Study [1].
The global age-standardised prevalence of SCP was 7.4%
affecting 538 million (95% C.I.: 465-626) people in 2015.
The number of incident cases of SCP in 2015 was six (95%
C.I: 5.0-6.6) million people worldwide. Therefore, it is a
significant global health challenge [1-2].

Periodontitis is an inflammatory disease of the
supporting structures of teeth (e.g., connective tissues
and alveolar bone) which is initially induced by bacteria
and the subsequent development of periodontitis is
related to the response of the periodontal tissues to
pathogens [3]. Furthermore, the development of specific
bacteria types has been consistently identified from over
500-700 species in the microbial flora in the oral cavity
such as Porphyromonasgingivalis, Tannerella forsythia
and Aggregatibacter actinomycetemcomitans have been
implicated as aetiological agents for periodontitis. The
likelihood for the development of periodontitis in an
individual, harbouring one of these periodontal pathogens
may not, necessarily be sufficientt o be considered as a
risk factor [4]. There is also a low strength of evidence
which suggests that more frequent professional plaque
removal (PMPR) is associated with improved plaque and
bleeding outcomes and possibly less annual attachment
loss. Needleman et al. [5] in a systematic review, based
on a moderate strength of evidence from the literature
reported there is no additional benefit to plaque and
gingival bleeding outcomes from PMPR over that achieved
by repeated and thorough OHI. The quantitative and
qualitative composition of the resident microflora, which
is dictated by behavioural risk factors, may, however play
an important role in the development of periodontitis. For
example, inadequate oral hygiene leads to increased dental
plaque accumulates beyond levels compatible with oral
health, leading to shifts in the balance of the predominant
bacteria away from levels associated with health [6]. Risk
factors such as systemic conditions (Type II diabetes;
glycaemic control; cardiovascular disease, rheumatoid
arthritis),
restorative margins) and behaviour factors (alcohol intake,

local factors (crowns, bridges, defective

smoking, oral hygiene) can also have an impact on the oral
microbial flora which in turn may initiate inflammatory
changes that can be observed clinically [7,8]. However,

these factors based on biological/behavioural models of do
not fully explain the variation of the presence of gingival
bleeding [7,9].

There is however evidence that tobacco smoking
is associated with poor oral hygiene and is a relevant
behavior risk factor for the development of periodontitis
[10-12]. Further more, there is strong evidence that SEP
affects tobacco smoking [13-14], plaque accumulation and
dental attendance [7,15]. Regardless of the socio-economic
indicator used, persons who are socio-economically
disadvantaged consistently have poorer periodontal health
behavior [9,16-17].

Finally, periodontitis is socially patternedand
influenced by psychological factors, both Sheiham &
Nicolau and Borrell et al .[18-19] reviewed the evidence
on the association between socio-economic position and
periodontitis and concluded that regardless of the socio-
economicindicator used, those who are socio-economically
disadvantaged consistently have poorer periodontal health
than those who are socio-economically advantaged. These
authors also highlighted the need to investigate the role
of socio-economic position (SEP) on the causal pathway.
Periodontal diseases models should be updated to the socio-
economic-epidemiology era, where a hierarchical approach
from the molecular to the societal level is proposed. Zini et
al. [20] suggested a potential explanatory pathway for the
relationship between SEP and SCP and proposed SEP as a
distal determinant, leading to tobacco smoking and higher

levels of plaque, and finally to SCP.
Aim

This paper aimed to assess whether there are social
inequalities on periodontitis at the population level in
a deprived area of the United Kingdom (UK) and further
elucidate the relationship between socio-economic
position, plaque accumulation, tobacco smoking, and
chronic periodontitis in a representative sample of adults

living in a multicultural and socially deprived area.
Methods

This article analysed data from the East London Oral
Health Inequality (ELOHI) Study, which included adults
16 to 65 years old living in Waltham Forest, Redbridge and
Barking and Dagenham in 2009-10. The Outer North East
London Research Ethics Committee approved the study
protocol (08/H0701/93). Participants provided written
informed consent agreeing their voluntary participation.
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The ELOHI study adopted a cross-sectional study
design. A multi-stage stratified random sampling approach
was used to select a representative sample of the ethnically
diverse general non-institutionalised population in East
London. The sampling frame was a list of all addresses
stratified by the number of wards in Barking and
Dagenham (n=17), Redbridge (n=21) and Waltham Forest
(n=20). Fifty-five addresses were randomly selected
from each ward to yield 3,193 addresses. Residents were
then contacted by post and invited to participate in the
study. Non-respondents were visited to ascertain the
household was empty and age of residents. We excluded
457 commercial premises or vacant addresses and 208
ineligible households with no residing adults age 16
to 65 years. The final sampling frame included 2,528
valid addresses and 1,437 (56%) households agreed to
participate in the study. The household response rate in the
Barking and Dagenham, Redbridge and Waltham Forest
wards was 61%, 52.2% and 61.2% respectively, which
represented a total response rate of 57%. Non-respondents
were replaced by inviting residents in the same postcode
area. As a result, the mean Index of Multiple Deprivation
(IMD) scores in the sample and for the population in 2007
were 33.46 and 34.45 respectively. A maximum of two
adults per household were invited to participate in the
study, and all agreed yielding a sample of 2,343 adults that
successfully completed an oral examination and reported
their age, gender and ethnicity.

Participants underwent an oral examination and
answered a supervised questionnaire in their own homes.
Purpose trained and calibrated dentists performed the
oral examinations using the UK Adult Dental Health
Survey 1998 protocol [21] and standardised equipment
(e.g. Daray light lamps, mirror and periodontal probes).
Participants’ teeth were not brushed or professionally
cleaned prior to examination, but debris and moisture
were removed from individual sites with cotton wool rolls
or cotton buds if visibility was obscured and probes were
used for cleaning debris from the tooth surfaces to enable
visual examination. The examination included a full mouth
assessment for presence of both plaque and periodontal
pockets. Pocket depths were measured at two sites (mesial
and distal) on each tooth (bucally (facially) for the upper
teeth and lingually for the lower teeth) and the worst
score for each tooth was coded. Disposable periodontal
probes with coloured-coded bands were used. Duplicate

examinations were performed among participants to
assess intra examiner agreement within a two-week
interval. Examiners’ assessments were individually
compared with the reference examiner assessment under
field circumstances. The Kappa value (n=133 subjects)
for dental status at tooth level was 0.83, which indicated

excellent agreement.

Following the clinical examination participants
answered a supervised self-completed questionnaire. The
questionnaire included questions on socio-demographic
factors (age, gender, socio-economic position, education)
and oral health behaviour and status. Individuals’ SEP
was measured by education and the National Statistics
Socio-Economic Classification (NS-SEC) [22]. Education
was indicated by the highest degree or qualification
(no qualifications, secondary school, A levels, technical
qualifications, first university degree or higher degree). NS-
SEC groups were derived using the self-coded method based
on current or last main job or occupation, employment
status, size of organisation and supervisory status. Five
operational categories were derived: (1) managerial and
professional, (2) intermediate, (3) small employers and
own account workers, (4) lower supervisory and technical,
and (5) semi-routine and routine occupations. For
complete coverage of the population, full-time students,
individuals who had never worked or were in long-term
unemployment and those not classified for other reasons
were added as not classified [22]. Behavioural variables
included tobacco smoking.

Statistical analysis

The data were weighted to adjust for the unequal
probability of selection and non-response and to produce
a representative sample (with respect to age, gender and
ethnicity) based on the United Kingdom (UK) Census in
2001 [23]. Weighting the data did not increase the size of
the sample (weighted data=2,266 adults) and accounted
for the weighting of data and the complex survey design
(stratification and clustering) to produce corrected
This data
analysis further excluded 117 participants due to missing

standard errors and confidence intervals.

data on periodontal health status. Therefore, the sample
size for this sub-study included 2149 adults. Post-hoc
calculation also demonstrated that the minimum sample
size to provided 80% statistical power to identify an odds
ratio of 1.5 and/or a risk ratio of 1.2 was estimated to be
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822 [24]. The calculation assumed 50% of the unexposed
population and 60% of the exposed population to have the
outcome of interest, a equal to 0.05, and  equal to 0.20.

Data manipulation was minimal. Age was categorised
into ten-years brackets. Education was re-categorised into
four groups, namely no qualification, secondary school, A
levels and higher education. Socio-economic classification
was further categorised into managerial and professional,
intermediate, routine and manual occupations and not
classified. Periodontitis was defined by the presence of
at least one site with periodontal pocket depth > 4mm
as reported in the UK Adult Dental Health Survey 1998
protocol [21]

Simple logistic regression analyses were performed
to assess the unadjusted association between each of the
independent variables (socio-economic position, sex, age,
tobacco consumption, last visit to the dentist and presence
of plaque) and chronic periodontitis. In accordance with
the lax criterion [25], explanatory variables that were
not statistically significantly related to the outcome at
the level of 0.20 were excluded at this stage. Following
this, conceptual hierarchical modelling was performed
[26]. The remaining variables were sequentially included
as follows: (1) socio-economic position and age, (2) plus
tobacco consumption (3) plus last visit to the dentist(4)
plus presence of plaque. Odds Ratios (OR) were reported
and the 95% confidence interval was considered. Mediation
analysis included the four steps proposed by Baron and
Kenny [27]. Attenuation of the OR was calculated using the
formula (ORU-ORA)+(ORU-1) (25), where ORU represents
the odds ratio before including tobacco consumption
and ORA reflects the odds ratio after including tobacco
consumption in the model.

Results

2266 weighted sample size for adults, aged 16 to 65
years old, were included in the present study, hundred
and seventeen adults were excluded as they were either
edentate or they lacked evidence on their periodontal
status, which in turn resulted in missing information in
the outcome variable. As a result of this exclusion, the final
sample size for this sub study was 2149 adults.

The demographic and socioeconomic characteristics
of the sample are shown in Table 1. The mean age of
the participants was 40.3 years old of whom 48.5%
(1043 of 2149) were males. A greater proportion of the

sample was from the White British (67.2%) ethnic group.
Approximately30% ofthe total sample population belonged
to routine or manual occupations while 40% belonged to
the managerial and professional group.Presence of visible
dental plaque in this sample was high (85%) and only 52%
attended a dental setting in the last year. (Table 1).

Table 1: Frequency distribution of demographic and socio-economic variables in a
sample of 2149 (16 to 65 years old) adults in East London.

Variables Frequency | %

Gender
Male 1043 48.5
Female 1106 51.5

NS-SEC
Managerial and professional occupations 862 40.1
Intermediate occupations 179 8.3
Small employers and own account workers 168 7.8
Lower supervisory and technical occupations 203 9.5
Semi-routine and routine occupations 272 12.6
Never worked and long term unemployment 249 11.6
Full time students 114 5.3
Missing Information 100 4.7

Tobacco Use

No 1275 59.3
Yes 468 21.8

Missing

Last dental Visit

<1 year 881 40.9
21 year 655 30.5

Missing

Visible Plaque
No 217 10.1
Yes 1530 71.2
Periodontitis outcome

PP<4mm 403 18.7
PP=4mm 1746 81.3

The prevalence of periodontitis in East London was very
high, 80.5% among males and 82% among females. Gender
differences were not statistically significant. There was a
statistically significant gradual increase in the prevalence
of periodontitis with the increasing age of the participants.
Unadjusted results also showed a statistically significant
association between periodontitis and socio-economic
position,tobacco consumption, last visit to the dentist and
presence of dental plaque (Table 2).
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Table 2: Unadjusted odds ratios and 95% confidence intervals of demographic, socio-economic and periodontal health behaviour variables on
chronic periodontitis in a sample of 2149 (16 to 65 years old) adults living in East London.

Chronic Periodontitis
Variables
N (mean or % with disease outcome) OR® (95% ClI) p-value
Age ? 1.04 (1.03-1.05) <0.001
Gender
Male 840 (80.5) 1 [reference]
Female 907 (82.0) 1.10 (0.88-1.37) 0.37
NS-SEC
Managerial and professional occupations 670 (77.7) 1 [reference]
Intermediate occupations 151 (84.4) 1.55 (1.006-2.39) 0.047
Routine and manual occupations 561 (87.2) 1.95 (1.47- 2.59) <0.001
Never worked and long term unemployment 211 (84.4) 1.56 (1.07- 2.28) 0.020
Full time students 80 (70.2) 0.68 (0.44- 1.05) 0.087
Missing
Tobacco Use
No 1275 (79.7) 1 [reference] 0.006
Yes 468 (85.9) 1.53 (1.17- 2.01) 0.002
Missing
Last Dental Visit
<1 year 881 (79.0) 1 [reference]
21 year 655 (85.5) 1.56 (1.22- 2.00) <0.001
Missing
Visible Plaque
No 217 (67.8) 1 [reference]
Yes 1530 (83.6) 2.43 (1.86- 3.17) <0.001

Hierarchical conceptual modelling analysis (Table 3)
demonstrated thatthoseinthe manual/routine occupations
category were 2.21(95% CI 1.64-2.989) more likely to
have chronic periodontitis than those in the professional
category, however the difference between those in
the intermediate and the professional and managerial
occupations category were not statistically significant
after adjusting for demographic and behavioural variables
(Table 3). Tobacco smoking and last visit to the dentist
were also significantly related to chronic periodontitis. The
social gradient was attenuated after adjustment for age,
gender, and tobacco smoking and last visit to the dentist

(Table 3).

The results of mediation analysis, using the four steps
as proposed by Baron and Kenny [27] (Figure 1) confirmed
that the association between socio-economic position and
periodontitis was partially mediated through smoking.
Socio-economic position was significantly associated
with smoking and periodontitis, smoking was associated
with periodontitis and the likelihood that those in routine

Figure 1: Mediation analysis for socio-economic position, tobacco
use and chronic periodontitis in a sample of 2149 (16 to 65 years

old) adults living in London.

and manual and intermediate occupations would have
periodontitis compared to those in managerial and
professional occupations was attenuated after adjusting
for smoking (Table 3).

Discussion

Some limitations of the present study need to be
addressed before discussing and comparing the outcomes
with those in the published literature. For example, the
secondary analysis of the ELOHI study data as reported
in this paper was based on the 1999 classification of
periodontal diseases which has recently be superseded
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Table 3: Results of the conceptual hierarchical modelling of demographic, socio-economic and periodontal health behaviour variables on chronic
periodontitis in a sample of 2149 (16 to 65 years old) adults living in East London.

Model 12 Model 22 Model 37
Variables P value P value P value
ORP (95% CI) OR® (95% CI) OR® (95% CI)
SEP
Managerial and professional occupations 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Intermediate occupations 1.63 [1.05-2.53] 0.031 1.59 [1.02-2.47] 0.041 1.52[0.97-2.37] 0.066
Routine and Manual Occupations 2.33[1.74-3.11] <0.001 2.18 [1.62-2.92] <0.001 1.99 [1.47-2.68] <0.001
Never worked and long-term unemployment 217 [1.47-3.22] <0.001 2.19 [1.48-3.26] <0.001 1.96 [1.31-2.92] 0.001
Full time students 1.41[0.88-2.27] 0.153 1.33[0.83-2.15] 0.329 1.19[0.73-1.93] 0.489
Tobacco Use
No 1.00 [Reference] 1.00 [Reference]
Yes 1.51[1.14-1.99] 0.004 1.43[1.07-1.90] 0.015
Last Dental Visit
<1 year 1.00 [Reference]
21 year 1.09 [0.771.53] 0.639
Visible Plaque
No 1.00 [Reference]
Yes 2.58[1.94-3.42] <0.001

@Model T was SEP adjusted for age;
Model 2 was SEP adjusted for age, plus tobacco use;
Model 3 was SEP adjusted for age plus, tobacco use, last dental visit and visible plaque;

by the 2018 World workshop [28]. Previous studies on
the inequalities in health have been based on the previous
1999 classification of periodontal disease although it
should be recognised that the terminology to define the
extent and severity of the disease process has changed and
may therefore be redundant for future studies [16,21]. It
should also be noted that the present study analysed cross-
sectional data which limits the ability to establish causal
relationships between variables. Furthermore, since the
study sample only included 2149 out of 2266 (95%) adults
who participated in the ELOHI study this may raise some
concerns about its representativeness and the effect of
the missing data on the results. However, no significant
differences in socio-demographic composition between
our study sample and the full sample of ELOHI participants
was observed, which would indicate that missing data are
unlikely to have impacted the results and that they can
therefore be generalized to the study population.

Socio-economic inequalities in periodontal diseases
exist at global, national and community level both in adults
and children [7,13-18]. The findings of the present study
in East London showed that socio-economic inequalities
in periodontal diseases exist even among those living
in adeprived area despite there being less variation in
the index of multiple deprivation scores. East London
is characterised by a population that includes residents

from diverse ethnic backgrounds and high levels of social
deprivation. These findings are important because they
provide strong support to the social gradient concept.

Those individuals consuming tobacco were more likely
to have the experience of chronic periodontitis (expressed
as having at least one tooth with PD 24mm) [21] when
compared to non-consumers of tobacco. This association
established (at 95% C.I.) an OR of 1.53, for those consuming
tobacco as opposed to non-consumers, which was even
after adjusting for confounding variables was statistically
significant and in agreement with previous studies in the
literature [29-31]. However, no evidence of an association
between the dose dependency, the effect of frequency and
duration of exposure to tobacco was demonstrated in the
present study.

Other oral health behaviour and indicators, for example
visits to the dentist and percentage of teeth with visible
plaque were also statistically significantly associated with
the disease experience as defined in the present sub study

There was a significant association between the SEP
and chronic periodontitis when assessing the SEP of
the study population in accordance with the individual
NS-SEC. An
association between SEP and chronic periodontitis has

based socioeconomic indicator that is,

been demonstrated in the published literature [32]. In the
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present sub study with regard to NS-SEC association, the
routine and manual occupation’s participants were 1.93
times more likely to experience periodontal disease when
compared to those in the managerial occupations category
This social gradient which was statistically significant
appeared to confirm the previous outcomes reported in
the literature [13,18]. There may however be a possibility
of over representation of the managerial and professional
category at the top of the NS-SEC hierarchy in the present
study as these individuals were more likely to be motivated
and willing to take participate in such oral health studies

[9].

In addition, the results of the hierarchical conceptual
modellinganalysis demonstrated thattobacco consumption
mediated the association between SEP and periodontitis.
Public health initiatives therefore must consider prevent
and manage chronic periodontitis through integrated
disease prevention strategies based on a common risk
factor approach. The Common Risk Factor Approach
(CRFA) has been highly influential in integrating oral
health into general health improvement strategies [33]. It
is also important to stress that the behavioural preventive
approach alone will have minimal impact in tackling oral
health inequalities and indeed may widen inequalities
across the population [13]. The results from the present
studywould appear to support the social determinants
agenda and theconceptual framework adopted to analyse
the datain the study accounted for the relevant influence of
confounding risk factors.

Conclusion

A social gradient in periodontal diseases in part
mediated by tobacco consumption may exist even in areas
where there are highly socially deprived communities was
identified. SEP as measured by NS-SEC was found to be
associated with the chronic periodontitis experience (PD =
4mm) with individuals placed higher in the NS-SEC ranking
demonstrating a lesser risk of disease as compared to a
lower NS-SEC ranking.

Another important conclusion was the independent
association of tobacco consumption with disease
experience (PD = 4mm). Other oral health behaviour and
indicators, for example visits to the dentist and percentage
of teeth with visible plaque were also statistically
significantly associated with the disease experience as

defined in the present sub study.
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