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Introduction
In many parts of the developing world, the preva-
lence of oral diseases and many other chronic con-
ditions is rising [1]. Periodontal disease contributes
significantly to the global burden of oral disease
[2]. Diabetes is a global problem with a devastating
human, social and economic impact. Today, there
are more than 221 million people worldwide with

diabetes [3]. Due to population growth, aging,
urbanisation, and the rising prevalence of obesity
and physical inactivity, the number of people with
diabetes has been estimated to reach 366 million
within the next 20 years [4].

Adults with diabetes have both a higher preva-
lence and more severe forms of periodontal dis-
eases [5-9]. In particular, individuals who fail to
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Abstract
Aim: To investigate changes in oral health behaviour and periodontal treatment needs among adults with diabetes one
year after an oral health intervention. Methods: The study subjects consisted of 299 dentate adults with diabetes who
were regular attenders at a diabetic clinic in Tehran, Iran. A self-administered questionnaire was used to collect informa-
tion on the subjects’ oral health behaviour and background. The participants were randomly assigned to two intervention
groups and one control group. In one group, oral-health-related information was delivered by an educational booklet
only; in the other intervention group, in addition to distributing the same booklet, an oral hygienist also gave personal
oral health care instructions. Plaque and the need for periodontal treatment were assessed using the Plaque Index (Silness
& Löe 1964) and the Community Periodontal Index of Treatment Needs (CPITN) and were recorded during clinical peri-
odontal examinations before and one year after intervention. The statistical significance of differences between the
groups was evaluated by means of ANOVA, chi-square test, paired t-test, and logistic regression models. Results: In
comparison to the control group, both interventional groups showed a statistically significant decrease in visible plaque
and periodontal treatment needs. In the active intervention group, the fall in the number of participants with a CPITN
score of 4 was from 13 to 9 and for CPITN 3 from 33 to 22. In the passive intervention group, the falls were from 27 to
22 for the score CPITN 4 and from 34 to 24 for CPITN 3. In the control group, the number with a CPITN score of 4 fell
from 18 to 13 and the number with a CPITN score of 3 rose from 30 to 33. The mean reduction in the sum of Plaque
Index (PI) scores for all sextants was 1.3 (SD 2.6) in the active intervention group and 2.0 (SD 2.4) in the passive inter-
vention group, these changes being greater than in the control group (0.3, SD 2.2, P=0.03, and P<0.001, respectively).
Conclusion: The results indicated the potential of intervention in oral health education aiming at improvement of oral
health behaviour and reduction of periodontal treatment needs among adults with diabetes in countries with a develop-
ing health care system.
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maintain good oral hygiene are at higher risk of
periodontal diseases [10]. This risk seems lower for
those who control both their diabetes and oral
health by maintaining comprehensive self-care
[11].

In spite of the fact that inflammatory periodon-
tal diseases are largely preventable [12], the high
prevalence of these diseases indicates that both
dental practitioners and patients need a better
understanding of how to achieve and maintain this
state of health. Good oral health is largely a result
of optimal self-care. Thus, it is important to make
individuals aware of their own role in maintaining
good oral health [13,14]. Baseline findings of the
present data revealed an excess of periodontal treat-
ment needs and caries in adults with diabetes in
Tehran, Iran [15,16].

In the prevention of oral diseases, the high-risk
approach is the most well known [17]. The preven-
tion and treatment of periodontal diseases as well
as of diabetes require dedicated daily self-care.
Common determinants for both dental health
behaviour and diabetes self-care have been
described [18]. There is also accumulating evi-
dence of shared predisposing factors for the devel-
opment of periodontal disease and diabetes [19]. At
present, there is no special treatment system for
subjects belonging to this group in Iran.

Aim
The aim of the present community trial was to eval-
uate long-term impacts of two oral health interven-
tions on oral health behaviour, oral hygiene, and
periodontal treatment needs among adults with dia-
betes in Iran.

Methods

Study population
For the present one-year intervention study, a dis-
ease-based approach was chosen. The intervention
was incorporated in the existing diabetes control
programme. Six thousand adult subjects with dia-
betes, covering a wide range of levels of education
and social background in Tehran, Iran, who attend-
ed an established clinic associated with the Iranian
Diabetic Association, served as the basic popula-
tion. From among the regular adult attenders, dur-
ing a two-month period (May-July 2005), 299 vol-
unteer dentate subjects with diabetes were random-
ly selected for the study and, using daily rosters,
invited by telephone to a dental clinic near the dia-
betes clinic.

The criteria for inclusion were being at least 25

years of age and having at least one natural tooth. A
self-administered questionnaire was distributed to
the patients during their dental appointment in
order to obtain information about birth year, year of
onset of diabetes, education, and complications
related to diabetes [15].

All participants underwent a periodontal
examination and were invited to participate in a fol-
low-up examination one year later. Their periodon-
tal treatment needs were assessed using the
Community Periodontal Index of Treatment Needs
(CPITN) [20]. Individual CPITN scores were
recorded for each sextant containing at least two
functional teeth, excluding third molars. The pres-
ence of dental plaque on four surfaces of the six
index teeth (upper-right first molar, upper-right
central incisor, upper-left first molar, lower-left
first molar, lower-left central incisor, and lower-
right first molar) was measured [21] and recorded
by tooth according to its highest plaque index (PI)
score. The proportions of CPITN and PI values by
sextant, as well as the individual sum of CPITN
scores and that of PI scores, were used in the analy-
sis.

The study design was tested by conducting a
pilot study, after which the questionnaire, which
had been created for this study, was re-evaluated
and revised accordingly. Participation in the study
was voluntary and informed consent was acquired
from all subjects before the study. The subjects
were entered into the database with a numerical
code only. The Ethics Committee of the Shaheed
Beheshti University of Medical Sciences, Tehran,
approved the study protocol.

Intervention
After the baseline examination, the study subjects
were randomly allocated into three groups: two
intervention groups and one control group. In order
to reduce bias, the study was designed as an exam-
iner-blinded trial. The clinical examinations were
carried out by one of the authors (S. B.), who was
kept strictly unaware of the allocation of the sub-
jects to the groups, carried out by a trained dental
hygienist. The allocation into the three groups was
accomplished by random selection of the starting
group and with a subsequent three-day rotation in
the assignment to the groups. All interventions
were administered by the same dental hygienist. At
baseline and follow-up (one year later), a self-
administered questionnaire on oral self-care habits
was handed to the subjects in the waiting room, to
be returned before their dental examination.
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At the baseline and one year later at the follow-
up examinations, the clinical examiner informed
the patients of their periodontal findings. After the
baseline examination, those who required peri-
odontal treatment (having a CPITN =2) were
referred to the Shaheed Beheshti Dental School
clinic. At baseline, all study subjects were informed
of the follow-up examination to be performed one
year later.

The intervention groups were designated
“active” and “passive”. In the active intervention
group (n=56), the intervention was both informa-
tional and educational, accomplished by means of
an eight-page booklet on periodontal disease and its
relation to diabetes, created for the present purpose
by one of the authors (S. B.). The booklet covered
the following topics of periodontal health in rela-
tion to diabetes: the definition of periodontal dis-
ease, dental plaque, and periodontal pockets; the
symptoms and aetiology of periodontal disease; the
relationship between diabetes and periodontal dis-
ease; the effect of smoking on periodontal health;
the prevention of periodontal disease; and the
importance of regular dental visits and oral self-
care. Simple language and coloured illustrations
were used to catch the readers’ attention. In addi-
tion to the booklet, a trained dental hygienist
explained the content of the booklet with the help
of larger pictures, focusing on periodontal disease,
tooth structure, food debris, plaque formation, and
periodontal pockets. For this group, the dental
hygienist also gave a custom-selected interdental
brush and, with the help of a model, instructions for
its proper use. No particular method of manual
toothbrushing was advised, but the necessity of
thorough twice-daily brushing of all surfaces of the
teeth was emphasised to obtain a sufficient degree
of cleanliness.

In the passive intervention group (n=70), the
subjects received only the above-mentioned book-
let.

The control group (n=56) received neither
information on oral health promotion nor instruc-
tions at the baseline examination. After the follow-
up examination, these subjects also received the
same booklet. Toothbrushes and toothpastes were
distributed among the three study groups as a cour-
tesy for their participation both at the baseline and
at the follow-up dental examination.

Evaluation of the intervention
Only subjects who participated in the follow-up
examination were included in the evaluation of the

intervention. Similarly, each unavailable sextant at
the follow-up was excluded from the evaluation.
The outcomes concerning periodontal treatment
needs were determined as the mean change in the
subjects’ maximum CPITN scores and the mean
change in the sum of plaque scores in respective
interventional groups. Further, a positive outcome
per subject was defined as improvement in the
CPITN score in at least 50% of sextants. The out-
comes regarding oral health behaviour were
defined as change in proportion of subjects report-
ing twice-daily tooth brushing, daily interdental
cleaning, and a dental visit within one year.

Statistical analysis
The statistical significance of differences between
the subjects was evaluated with ANOVA for mean
values and with the chi-square test for frequencies.
Paired t-test was used for within-group compar-
isons. Logistic regression models were fitted to the
data, and corresponding odds ratios were calculat-
ed for evaluation of the strength of associations for
the intervention groups in comparison with the con-
trol.

Results
At baseline examination, the mean age of the study
population was 49 years (SD=7.5 years, range 25-
69) with a mean number of 23.1 teeth (SD=4.4,
range 6-28). There were no differences between the
three groups according to the subjects’ background
information (gender, age, and level of education),
diabetes-related factors (type, duration, and meta-
bolic control of diabetes) and oral self-care (fre-
quencies of tooth brushing and interdental cleaning,
and dental attendance during the previous year). No
differences were seen between the three groups in
CPITN scores (P=0.31) and PI scores (P=0.19) at
the baseline examination, and no differences were
observed in the mean number of teeth either at the
baseline examination (P=0.99) or at the follow-up
examination (P=0.93) in all study groups of those
subjects who completed the oral health intervention
programme. The mean HbA1c value was 7.4% (SD
1.8%) at baseline and 7.5% (SD 1.2%) at follow-
up, with no statistical differences between the study
groups.

By the time of follow-up, one participant had
died, 18 had moved, one had received full dentures,
one was pregnant, six were in-patients, six refused
to participate, and 85 failed to attend their appoint-
ments, even after three phone calls. Thus, of the
299 study subjects invited, 182 (61%) participated
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in the follow-up examination. No differences were
observed between the participants and the drop-
outs according to their characteristics and CPITN
scores at baseline (Table 1) or in the sum of their PI
scores for all sextants (mean=7.6, SD=2.2 vs.
mean=7.4, SD=2.3; P=0.51). Furthermore, there
was no difference in the mean number of teeth
between the participants and the drop-outs (23.1 vs.
22.9; P=0.68).

In all three groups, periodontal treatment needs
decreased from the baseline to the follow-up exam-

ination when assessed as the subjects’ distributions
according to their highest CPITN scores (Figure 1).
The mean reduction in the subjects’ maximum
CPITN score was 0.5 (SD 0.99) in the active inter-
vention group and 0.4 (SD 0.83) in the passive
intervention group, both of which showed a statis-
tically significant improvement when compared to
the control group (0.2, SD 0.78, P=0.01 and
P=0.04, respectively). Within these mean values in
the active intervention group, the fall in the number
of participants with a CPITN score of 4 was from

Table 1. Characteristics of the Study Subjects (n=299), According to Their Participation in 
the Follow-Up Examination

Participants Drop-outs P
(n=182) (n=117)

n % n %
Gender NS*

Male 52 29 30 26
Female 130 71 87 74

Age NS
<45 years 51 28 27 23
45-54 years 91 50 56 48
=55 years 40 22 34 29

Level of education NS
Low 74 40 47 40
Medium 72 40 50 43
High 36 20 20 17

Diabetes type NS
Type 1 29 16 21 19
Type 2 148 84 90 81

Duration of diseases NS
<7 years 70 39 51 44
7-12 years 61 33 31 26
=13 years 51 28 35 30

Complication NS
No 104 57 57 49
Yes 78 43 60 51

HbA1c-value NS
<7.6 102 57 58 53
7.6-8.5 38 21 24 22
8.6+ 38 21 27 25

CPITN NS
1 11 6 5 4
2 16 9 6 5
3 97 53 59 51
4    58 32 47 40

Plaque Index (PI) NS
1 22 12 13 11

2 160 88 104 89

Statistical analysis by chi-square test for differences according to participation.
* NS = No statistical significance.
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13 to 9 and for CPITN 3 from 33 to 22. In the pas-
sive intervention group, the falls were from 27 to
22 for the score CPITN 4 and from 34 to 24 for
CPITN 3. In the control group, the number with a
CPITN score of 4 fell from 18 to 13 and the num-
ber with a CPITN score of 3 rose from 30 to 33.

The mean change in sum of the CPITN scores
was 3.4 (SD 3.3) in the active intervention group
compared with 2.3 (SD 3.2; P=0.07) in the control
group. The passive intervention group showed sta-
tistically significant improvement (4.0, SD 3.4;
P=0.004) when compared with the controls.

Similar changes were observed when the CPITN
scores were analysed by sextant (Figure 2). The
mean change of reduction in the sum of Plaque
Index (PI) scores was 1.3 (SD 2.6) for the active
intervention group and 2.0 (SD 2.4) for the passive
intervention group, changes which were statistical-
ly significantly greater than in the control group
(0.3, SD 2.2, P=0.03 and P< 0.001, respectively).
The distribution of the PI values by sextant before
and after the intervention is presented in Figure 3.

Baseline data on self-reported twice-daily
tooth brushing were as follows: 27% in the active

Figure 1. Distribution
of the highest individual
Community Periodontal

Index of Treatment
Need (CPITN) value

among the study groups
at baseline and at the

follow-up examination.

Figure 2. Distribution
of the Community

Periodontal Index of
Treatment Need

(CPITN) value by 
sextant among the study
groups at baseline and

at the follow-up 
examination.
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intervention group, 24% in the passive intervention
group, and 32% in the control group, with no statis-
tically significant difference (P=0.90). Minor
changes were found in twice-daily toothbrushing at
the follow-up examination, the corresponding per-
centages being 38%, 30%, and 30%, respectively,
with no statistically significant differences between
the groups (P=0.60). At baseline, 47%, and at fol-
low-up, 48% of all subjects reported interdental
cleaning at least once daily with no difference
between the groups (P=0.669).

Of all the subjects, 65% reported having had a
dental visit during the previous year, a higher per-
centage than reported at baseline (47%, P<0.001).
The number of those who reported having had a
dental visit during the study period was similar in
all study groups (active intervention group = 61%,
passive intervention group = 70%, control group =
65%; P=0.55). As a reason for their dental visit,
subjects in the active intervention group reported
periodontal treatment more often (62%, P=0.02)
than did those in the passive intervention group
(48%) or control group (29%).

To show the impact of the factors on the reduc-
tion of periodontal treatment needs, separate logis-
tic regression models were fitted to the data (Table
2). The passive intervention group with OR=3.4
appeared to be the strongest explanatory factor for
the reduction in periodontal treatment needs in at
least 50% of the sextants.

Discussion
Effective removal of dental plaque is essential for
dental and periodontal health [22,23]. A review has
suggested that in the majority of oral health promo-
tion studies, a reduction in plaque and gingival
bleeding was achieved [24]. A similar result was
obtained in this study. Participation in the present
study was on a voluntary basis, which may have
resulted in the over-representation of subjects eager
to learn about their health and more willing to
change their health behaviour. Both intervention
groups exhibited a clear reduction in plaque scores
as well as in periodontal treatment needs. In multi-
variate analysis, the passive intervention appeared
stronger than the active one. The lowest number of
drop-outs in the passive intervention group sug-
gests that the subjects in this group may be even
more concerned with their health than are the sub-
jects in the other study groups.

The observed improvement in periodontal
treatment needs in the control group can, at least in
part, be attributed to the trial effects. Exposing dia-
betics to a dentist’s examination and a question-
naire can have positive effects on their self-care
[25] and oral health [26].

In 1987, some 23 years ago, the CPITN, which
has subsequently become CPI, was recommended
for evaluation of the long-term results of preventive
efforts [27]. The use of CPI has been recommend-
ed by the World Health Organisation (WHO) [2,28]

Figure 3. Distribution
of the Plaque Index (PI)
value by sextant among

the study groups at
baseline and at the fol-

low-up examination.
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to increase the international uniformity of epidemi-
ological studies in periodontology. However, both
the CPITN and the CPI have their failings [29-31]
and doubts have been raised about their reliability.
Nevertheless, they are simple to use and, at the time
that the current study was performed, the authors
considered CPITN suitable for use in assessing
change in the present community trial. Doubts
about the reliability of using mean scores for
indices such as CPITN have also been expressed.
Nevertheless, advice from statisticians was that the
approach was valid and an alternative analysis of
the results using change in maximum CPITN
scores by band clearly showed the improvements in
the test groups in comparison with the control
group. The questionnaire included information on
the subjects’ oral health behaviour such as their
self-reported frequency of toothbrushing and the
time and reason of their most recent dental visit.

However, as in any questionnaire study, a tendency
to give favourable responses, also referred to as
social desirability [32], may affect the respondents’
answering. Thus, respondents’ self-reported oral
health behaviour may have been over estimated in
the present study. The finding of low rates of rec-
ommended oral health behaviour at the baseline
examination places even more emphasis on the
necessity of an oral health promotion programme
among adults with diabetes in Iran.

The answers to the questions of the question-
naire provide no direct information about how
effectively the respondents cared for their teeth, but
nevertheless offer some indication of their motiva-
tion towards oral health. Only minor changes in
brushing frequency were observed in this study.
However, the decrease in the overall PI scores
could presumably be related to a change in brush-
ing quality. The present findings emphasise the

Table 2. Outcomes of Two Different Interventions on Oral Self-Care Among Iranian Adults With Diabetes
(n=182). A positive Outcome Was Defined as Improvement in CPITN Scores in at Least 50% of Sextants;
Odds Ratios Were Estimated by Means of Logistic Regression Models Controlling for Diabetes-Related

Factors and Subjects' Background

Estimate of Odds ratio (OR) and 
strength its 95% confidence interval

Models Estimate SE OR 95% CI P
Model for active intervention

Gender (0=Female, 1=Male) 0.384 0.513 1.5 0.5- 4.0 NS*
Age in years 0.002 0.032 1.0 0.9- 1.1 NS
Level of education -0.112 0.255 0.9 0.5- 1.5 NS
Diabetic control (poor good) 0.148 0.223 1.2 0.7- 1.8 NS
Duration of diabetes in years 0.077 0.036 1.1 1.0- 1.2 0.032
Complications (0=Yes, 1= No) 0.734 0.505 2.1 0.8- 5.6 NS
Group (0=Controls, 1=Active
intervention) 0.799 0.481 2.2 0.9- 5.7 NS
Constant term -3.591 2.457
Goodness of fit: P= 0.476

Model for passive intervention
Gender (0=Female, 1=Male) 0.864 0.494 2.4 0.9- 6.2 NS
Age in years 0.007 0.030 1.0 1.0- 1.1 NS
Level of education 0.012 0.258 1.0 0.6- 1.7 NS
Diabetic control (poor good) 0.451 0.205 1.6 1.1- 2.3 0.028
Duration of diabetes in years 0.103 0.035 1.1 1.0- 1.2 0.003
Complications (0=Yes, 1=No) 0.723 0.482 2.1 0.8- 5.3 NS
Group (0=Controls, 1=Passive
intervention) 1.231 0.466 3.4 1.4- 8.5 0.008
Constant term -6.464 2.138
Goodness of fit: P=0.814

* NS = No statistical significance
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importance of better patient guidance with regard
to the qualitative aspects of oral hygiene at home.
Illiteracy is one of the many problems and restric-
tions faced in countries with developing education
systems when planning health education pro-
grammes. The illiterate subjects (n=15 at the base-
line and n=10 at the follow-up examination) were
given assistance in completing the questionnaire.
The active intervention was superior to the passive
intervention for illiterate as well as literate subjects.

Multiple studies have examined the role of
improved oral hygiene in diabetes control, with
some leading to positive [33-35] and others nega-
tive results [36,37]. To date, it is uncertain whether
or not improvement in oral health improves gly-
caemic control. However, given the potential link
between periodontal disease and diabetes, manage-
ment of oral health and regular follow-up seem a
reasonable approach in subjects with diabetes.

One study [18] concluded that there are some
common determinants for both dental health behav-
iour and self-care of diabetes. In that study, the
most common cause reported by diabetics for fail-
ure with their metabolic control was failure to fol-
low the treatment instructions. This demonstrates
that diabetics have assimilated the instructions
given to them by health professionals and that
adherence to the self-care regimen is an essential
part of diabetic care. Because oral health and self-
care is important for diabetics, combined instruc-
tions can be recommended to improve both oral
and general health.

Frequent dental visits correlate with better
periodontal health [38]. For diabetics, who are at
risk for periodontal diseases, the importance of reg-
ular dental visits is indisputable [39,40]. In previ-
ous reports, the present subjects (among the 35- to
44-year-olds) showed at baseline better dental sta-
tus [16] but worse periodontal health [15] than
were found in the national data [41,42]. This may
indicate insufficient professional dental care had
been received and might call for greater emphasis

on undergraduate periodontal training and up-to-
date continuing education.

Individuals with diabetes may be unaware of
their increased risk for periodontal disease [43,44]
and providing them with information is a funda-
mental factor in improving periodontal health.
Therefore, for individuals with diabetes, the signif-
icance of good oral health should be emphasised
just as with any other aspects of diabetic complica-
tions. Emphasising the importance of oral health
and the relationship between diabetes and peri-
odontal disease can be the key aspect for motivat-
ing diabetics to learn how to maintain good oral
health. The common risk approach recognises that
chronic non-communicable diseases such as obesi-
ty, heart disease, stroke, cancer, diabetes, mental
illness and oral disease share a set of common risk
conditions and factors [45]. In diabetes care, the
common risk factor approach can be implemented
to promote oral health as well as control the diabet-
ic condition [26]. As recommended by the WHO,
national health authorities should therefore ensure
that the prevention of periodontal disease becomes
an integral part of the prevention of diabetes and
other chronic diseases, as well as of general health
promotion [1].

Conclusions
The present study demonstrated that an educational
intervention may be effective in improving the
periodontal health of diabetics. Because the type of
intervention used in the present study can also be
executed by health care personnel other than oral
health care professionals, it can especially be rec-
ommended for countries with a developing health
care system.
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