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Abstract

diagnosed with pre-T2D.

Background: As part of an evaluation of an oral healthcare practice-based model that identifies patients with pre-
diabetes or type-2 diabetes, this study reports on the proportion of patients identified with clinically confirmed type-2
diabetes (T2D)/prediabetes and barriers of implementation of the model.

Methodology: Urban and rural oral healthcare practices were invited to participate. Participating practices invited
eligible patients to participate in the screening program using the Australian Type-2 Diabetes Risk Assessment Tool
(AUSDRISK). Participants were categorised as low, intermediate, or high-risk for prediabetes/T2D. Patients in the inter-
mediate or high-risk category were referred to their General Medical Practitioner (GP) for further investigation.

Results: Fifty-one oral healthcare practices and 76 Oral Health Professionals (OHP) participated (60 Dentists, 8 Dental
Hygienists, 8 Oral Health Therapists). 797 patients were screened; 102 were low-risk; 331 intermediate-risk; and 364
high-risk for T2D. Of the 695 participants in the intermediate or high-risk groups, 386 (55.5%) were referred to their
GP for T2D assessment. Of them, 96 (25.0%) results were returned to OHPs. Of the returned results, six were (6.3%)

Conclusion: Patients found to have undiagnosed T2D/prediabetes (6.3%) were within the expected range reported

in the literature. Findings indicate that identifying individuals at an elevated risk of having or developing T2D is effec-
tive, feasible and could be incorporated into oral healthcare settings. However, this integration may require additional
OHPs training and education to ensure that patients at elevated risk of T2D are referred for further assessment.

Keywords: Oral Health, Type-2 Diabetes, Oral Health Professionals

Background

According to the latest International Diabetes Federation
figures, 387 million people (8.3% of adults) worldwide
are living with diabetes, and this expected to increase
to 592 million people by 2035 [1]. A further 316 million
people with impaired glucose tolerance are at high risk of
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diabetes, and this is expected to increase to 471 million
by 2035. In 2014, diabetes accounted for over 10 percent
of healthcare expenditure worldwide (US$ 911 billion)
[1].

Early diagnosis and treatment of this disease is criti-
cal to improving health outcomes. Effective treatment
reduces the risk of strokes, deterioration of vision and
kidney failure by more than a third, more than halves the
risk of heart failure and reduces the number of amputa-
tions and foot ulcers [2]. Although there has been some
success in treating and preventing diabetes, the burden of
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diabetes, in terms of prevalence, continues to grow due to
a combination of unfavourable risks factors and an ageing
population [3].

People at high risk of developing diabetes (“prediabe-
tes”) are in a lengthy asymptomatic stage that precedes
overt type-2 diabetes [4]. and the complications of dia-
betes may begin even before people develop diabetes. In
order to reduce the diabetes burden, a comprehensive
diabetes strategy must prevent the development of dia-
betes, detect those with undiagnosed diabetes earlier,
and improve the care for those with diabetes to prevent
complications.

Early intervention can be only achieved with early
identification of those with prediabetes or undiagnosed
diabetes. This can result in significant savings in health-
care costs. Investment in early detection and referral for
treatment is likely to reduce the healthcare costs of type 2
diabetes to the Australian economy, including healthcare
expenditure, the cost of carers and government subsidies
which are currently estimated to be $14.6 billion. This is
forecast to increase to $30 billion by 2025 [5].

Management of the burgeoning diabetes pandemic
requires new and innovative solutions that incorporate
screening programs to detect undiagnosed type 2 dia-
betes and provide better access to all components of the
multi-disciplinary teams and treatments [2]. Comprehen-
sive care for people with diabetes must be a team effort
involving the patient and a range of health care profes-
sionals. Oral Health Professionals (OHP) (dentists, dental
hygienists, dental therapists, and oral health therapists)
have an important, but often unrecognised role, in this
multi-professional team [6].

There is considerable evidence to suggest a bidirec-
tional relationship between diabetes and periodontal
(gum) disease [7-10]. Numerous cross-sectional and
prospective cohort studies have also shown that indi-
viduals with diabetes have more widespread or severe
periodontal disease than individuals without diabetes [8,
11-14]. Periodontal infection can adversely affect glycae-
mic control and increase the risk of diabetic complica-
tions in people with diabetes.

Opportunistic identification of patients at high risk of
diabetes using simple screening methods (such as in the
dental setting) has been suggested as a preferred strat-
egy over population-based screening as they can more
accurately target candidates for screening and can help
connect patients with other health providers [15]. Aus-
tralians generally have favourable dental visiting patterns,
and studies show that patients and dentists agree the den-
tal visit is an appropriate site for diabetes screening [16].
The dental setting provides an important, but currently
unrealised, additional opportunity for identification of
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prediabetes/undiagnosed diabetes as part of a multi-pro-
fessional team approach.

The use of OHP to identify prediabetes and undi-
agnosed type-2 diabetes (T2D) has been trialled in
a number of countries including the United States [4,
17-19], Greece [20], Saudi Arabia [21], Italy [22], Den-
mark [23], and Nigeria [24]. Studies [17, 25] have also
explored the feasibility of random plasma glucose lev-
els for screening for prediabetes or previously undiag-
nosed diabetes in community dental practices. Whilst
these trials show promising results [17, 26], HbAlc
testing in the dental office may not provide a feasible
diabetes screening option for a number of reasons: the
HbA1lc test is an invasive procedure, most general den-
tal practitioners would not have HbAlc devices in their
offices, and it is unlikely that OHPs would adopt HbAlc
testing if they are unable to claim reimbursement. A
study which looked at risk identification based solely on
a risk score, found that nearly half of the participants
were identified as been at moderate or high risk [26].

However, to date, there is little information as to
how a private dental practice-based screening model
would work in the Australian context. A clinical study
was designed to developed and evaluated an innovative
approach for identifying type-2 diabetes and prediabe-
tes using by oral health professionals recruited from
private rural and urban dental practices throughout
the Australian state of Victoria. The development of
pathways of care between OHPs and general medical
practitioners would also have benefits for other aspects
of oral healthcare. This would benefit the Australian
community as earlier diagnosis and management of
diabetes would reduce long-term complications and
potentially reduce downstream demands on the health
care system more generally.

Methodology

With the approval of the Human Research Ethics Com-
mittee at the University of Melbourne, three distinct
groups of participants were approached:

a) Oral Health Professionals (OHP) self-identified an
interest in participating through newsletter advertis-
ing by oral health networks, Dental Hygienists Asso-
ciation of Australia Ltd (DHAA), Australian Dental
and Oral Health Therapists Association (ADOHTA)
and The University of Melbourne Alumni. Registra-
tion of interest could also be made via the study web-
site (https://identifydiabetes.org/). OHPs also had the
opportunity to register their interest in participating
at the end of their completion of an Attitudes and
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Opinions to T2D screening in dental settings survey
[27].

The OHPs were provided with a recruitment pack con-
taining a study information brochure (plain language
statement), study consent form and information about
T2D and oral health. Consenting OHPs implemented the
iDENTify patient recruitment and screening protocol by
asking their patients to participate in the study.

Potential patients of participating oral healthcare prac-
tices were provided with a participant pack that included
the plain language statement, patient informed consent
form, the Australian Diabetes Risk Assessment Tool
(AUSDRISK) [28] and information about T2D and oral
health. AUSDRISK identifies individuals at high risk of
developing type 2 diabetes, and its score includes ques-
tions based on age, gender, ethnicity, family history of
diabetes, history of high blood glucose, hypertension,
smoking status, fruit and vegetable intake, physical activ-
ity and waist circumference. The AUSDRISK score relates
to the probability of developing diabetes within the next
5 years [29].

The AUSDRISK was developed using data from Aus-
tralia. Other risk assessment tools have been developed
to predict the development of type 2 diabetes, but their
validity and applicability to the Australian population is
debatable [30].

Eligibility criteria include dentate men and women
aged 35 years or older; of any racial or ethnic background;
able to undergo a periodontal examination; having never
been told by a physician that they have diabetes or pre-
diabetes. Exclusion criteria included health reasons (i.e.,
diseases or neurologic diseases that would compromise
the patient’s ability to participate in the study), attending
as an emergency visit, having a history of, or currently
having T2D and if female; being pregnant.

The AUSDRISK tool categories people as Low risk
(<5); Intermediate risk (6-11); or High risk (>12) of
type 2 diabetes [28]. Eligible participants who had and
AUSDRISK score of 6 and over were considered to be at
increased risk for having prediabetes or undiagnosed dia-
betes and were invited to participate in the study.

b) If the OHP’s assessment deemed their patient as
at risk of prediabetes or T2D, the OHP provided a
referral letter and information pack for the patient
recommending that they speak to a General Medical
Practitioner (GP), and an information pack to take
to their GP. This would ensure the patient is engaged
with a GP for their care, regardless of the final diag-
nosis The GP information pack included a form for
the GP to provide an assessment of the patients T2D
or prediabetes status back to OHP.
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In Australia three laboratory tests may be used for diag-
nosing type 2 diabetes: HbAlc test; Fasting Blood Glu-
cose (FBG); or an Oral Glucose Tolerance Test (OGTT).
Commonly, HbAlc and FBG are used, and if type 2 dia-
betes is likely it is confirmed with a repeat test [31].

A flow chart outlining patient progress through the
study is summarised in Fig. 1. The coordinator fol-
lowed up with referred patients. Those who do not
accept a referral were asked for the reason(s) behind the
non-acceptance.

Tailored completion surveys were provided for OHPs
and participating patients. Due to the increased pressures
on General Practice in March—April 2020, following the
emergence of COVID-19 in Australia, it was deemed an
inappropriate time to send the surveys to GPs. These sur-
veys measured acceptability of the screening program
as well as a barriers and facilitators to program uptake.
OHPs had the opportunity to provide a reason as to
why the intermediate or high-risk participants were not
referred.

Data collection commenced in September 2018 and
was completed in March 2020. It was estimated that if
50 to 60 OHPs were involved in the study, they would
recruit some 15 patients each, giving a total sample of
approximately 700 to 900 patients. This sample size
allowed the population proportion to be estimated
with an absolute precision of+5%, assuming a clus-
tered sampling design, that the underlying population
proportion of people with either prediabetes or undi-
agnosed is 20% and an intra-class correlation of 0.05
[32]. This sample size is in accordance with previous
studies [4, 18, 24].

Our primary outcome was the proportion of patients
identified with clinically confirmed diabetes/prediabe-
tes. Participating OHPs, patients and GPs were asked to
complete a survey to measure self-reported acceptability
of the screening program as well as a barriers and facilita-
tors to program uptake.

Data manipulation and analyses were conducted using
IBM SPSS Statistics (Version 23.0, IBM Corporation,
Endicott, NY, USA). Continuous variables, reported
as mean and standard deviations, and categorical vari-
ables, reported as counts (percentages), were compared
between those identified as low, intermediate, and high
risk and p-values lower than 0.05 were considered statis-
tically significant.

Results

A total of 51 Victorian oral healthcare practices agreed
to participate. 76 OHPs (60 Dentist, 8 Dental Hygienists
and 8 Oral Health Therapists) participated. Of the par-
ticipating oral healthcare practices, 34 practices were in
the metropolitan Melbourne area and 17 where in rural
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All patients, aged 35 years or over who have not had a previous
diabetes diagnosis, will be given an information leaflet on arrival to
the clinic inviting them to have a Type 2 Diabetes Risk Assessment

l

Nominated personnel at each clinic will obtain
informed consent for participation from the patient

PERFORMED VALIDATED DIABETES RISK
SCORE (AUSDRISK) ASSESSMENT

APPROPRIATE “BRIEF ADVICE” ON HEALTH EATING
AND ACTIVITY TO BE GIVEN TO ALL PARTICIPANTS

| !

l

LOW RISK INTERMEDIATE HIGH RISK
(5 orless RISK (12 or more
points) (6-11 points) points)

v

v

CPITN periodontal charting

v

v

Referral to GMP to
discuss score and
how to modify risk

Referral to
GMP for
blood test

v

v

Follow-up phone call(s) to moderate and high risk patients
to ensure GMP appointment has been sought 4 weeks post
screening, and to enquire about any further diagnosis

Fig. 1 Patient progress flow chart

Victoria. The patient participant recruitment averaged
15.8 patients per practice (range: 1-31).

806 patients participated in the study. Of those, nine
were excluded in the final analysis: one due to incomplete
data, three because they did not satisfy the age criteria
(i.e., 35 and older), and one participant withdrew their
consent. Four participants advised their OHP they had
been diagnosed with T2D or pre-T2D by their GP. Partic-
ipants overall mean age was 56.7 (SD 12.6) years, ranging

from 35 to 92 years and more participants were female
(61.2%) (See Table 1).

One-hundred and two (12.8%) participants were in the
low T2D risk group; 331 (41.5%) were in the intermediate
T2D risk group; and 364 (45.7%) were in the high T2D
risk group. Of the 695 participants who were found to be
in either the intermediate or the high T2D risk groups,
384 (55.5%) were referred to their GP for further T2D
assessment. Of the referred patients, two was in the
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Table 1 Demographic characteristics of patient participants
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A total of 411 participants were not referred to their
GP for further T2D assessment. Of these, 100 were in

Participants %

the low risk T2D category, 199 were in the intermediate

Location risk group and 112 were in the high-risk group. Thus,
Metro 574 720 311 (44.7%) participants that had an intermediate or high
Rural 225 280 AUSDRISK score and should have been referred to their
Sex GP for further T2D assessment in accordance with the
Female 488 612 study protocol, were not referred. The reasons recorded
Male 308 388 by OHPs for not referring a patient for medical follow-
Age Group up are included in Table 2. The most frequent reasons
34-44 years 150 188 included: participants had ‘good oral health’ (n=>52);
45-54 206 258 OHP did not think the participant had the risk factors
55-64 198 249 (ie., ‘low modifiable risk factors’) that contributed to hav-
65-74 167 210 ing T2D or pre-T2D (n=32), another 29 participants
75 and more 76 95 informed their OHP they ‘see their GP regularly for check
Total 797 1000 ups’ therefore OHP and the participant did not think it

low-risk group of having T2D, 132 were in the interme-
diate risk for T2D group and 252 were in the high risk
of T2D group. Two participants in the low-risk category
were referred to their GP, due their periodontal condition
(See Fig. 2).

was necessary to provide a referral. For nineteen patients
the OHP thought the patient had a healthy lifestyle.
Fourteen participants advised their OHP they had had a
recent T2D screening test and did not have T2D or pre-
T2D. Eighteen participants declined a referral without
further explanation. There were 148 participants where
the OHP did not record a reason for non-referral.

Eligible oral health patient identified at reception
study consent, AUSDRISK (T2D risk questionnaire)
(n=797)
e / l \
=
c
& Low Risk Score Intermediate Risk High Risk Score
S
= (n=102) Score (n =331) (n=364)
_J \ \ \
Referred to General Medical Practitioner (GP) for further diabetes
5| /O T I =
Yes es es
o No No No
‘S = =,
) (n=100) (n=2) (n=199) (n=132) (n=112) (n=252)
__J \ \ /\
T2D assessment received from General Medical Practitioner (GP)
X ]| ]|
’/ Yes ’/ Yes ’/ Yes
No (n=0) No (n=28) No (n=68)
(n=2) (n=104) (n=184)
£ ! ! |
]
3
o Low Risk Intermediate Risk High Risk
T2D/pre-T2D T2D/pre-T2D T2D/pre-T2D
diagnosis diagnosis diagnosis
(n=0) (n=2) (n=4)
Fig. 2 iDENTIfy patient participant T2D/pre-diabetes screening protocol
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Table 2 Reasons for not referring an oral health patient
participant to their GP for further pre-type-2 diabetes or type-2
diabetes assessment

Decision Maker

Not referred to GP 411
No reason provided by OHP 148
AUSDRISK Score—Low Risk 98 OHP
Good oral health 52 OHP
Low modifiable risk factors 32 OHP
Patient sees GP regularly 29 Patient / OHP
Patient is fit & healthy, healthy lifestyle 19 OHP
Patient declined GP referral 18 Patient
Patient advised of recent diabetes check 14 Patient
Patient cannot afford a GP appointment 1 Patient

Table 3 Reasons provided by the patients for no GP type-2
diabetes assessment results

TOTAL

Total Participants Referred to GP—No Type-2 Diabetes Assess- 290
ment Result Received

Declined to see GP 36
Personal issues / other health concerns 2
Cannot afford to see GP 3
No response / unable to contact participant 238

Moved Overseas 1

Participant said they saw their GP — no result received from GP 8
or Participant

COvID-19 2

Of the 386 participants referred to their GP for fol-
low-up assessment, a total of 96 results were returned
to OHPs; 28 from the intermediate risk T2D score
group and 68 from the high risk T2D score group. Of
the referred participants, 290 did not attend their GP
for further T2D assessment, comprising two from the
low risk T2D score group, 104 from the intermedi-
ate risk T2D score group and 184 from the high risk
T2D score group. Of them, 238 participants did not
provide a response or were unable to be contacted
(See Table 3). Another 36 declined to see GP. Sixteen
participants provided reasons for no T2D assessment
results being received, including eight participants
who said they saw their GP, but no result was received
at the OHP end.

Of the referred participants who did attend their
GP for a T2D assessment, and whose results were
obtained by the OHP, six (6.3%) were diagnosed with
prediabetes two participants from the intermediate
risk T2D score group and four from the high risk T2D
score group.
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Discussion

A total of 51 private oral healthcare practices and 76
OHPs in both metropolitan and rural Victoria partici-
pated in our study. Using the AUSDRISK tool, 87.3% of
individuals screened in were identified as being in the
intermediate or high T2D risk group. However, nearly
half of them were not referred by their OHP for medi-
cal follow-up. Additionally, once offered a referral, many
participants either declined to or did not attend their GP,
Furthermore, some GPs did not communicate the results
of their T2D assessment to the referring OHP. As a con-
sequence, only 24.8% of results were received by OHPs.
This limits considerably the effectiveness of diabetes
screenings. In other studies the percentage of patients
attending GPs following a diabetes risk assessment in
the oral healthcare setting (private, public and Univer-
sity clinic) has varied from 20 to 84% [4, 19, 27, 33]. In
each of these studies patients had consented to undertake
screening and had been advised of the possibility of being
referred to a GP for follow-up and yet subsequent follow-
up was low.

There is evidence that with intensive lifestyle inter-
ventions, the progression to T2D may be reduced over
time [34]. Still, despite the benefits of lifestyle modifica-
tion, most individuals with prediabetes are unaware of
their condition [35]. Screening for diabetes in the oral
healthcare setting therefore may not only aid in the early
detection of asymptomatic individuals, but also raise
awareness of diabetes risk, and facilitate engagement of
at-risk individuals in diabetes prevention. Studies have
reported that prediabetes-aware adults were more likely
to participate in lifestyle modification than those una-
ware of their condition [36]. Thus, the results from this
study are of potential public health importance, as other
patients that undertook the T2D risk assessment, may
have benefitted from raising their awareness of prediabe-
tes and T2D, and the modifiable risk factors for develop-
ing these conditions.

Barriers to patients attending follow-up appointments
with GPs included misplacing the referral letter, being
too busy, being away, the perception the condition was
not ‘serious enough’ GP’s [27] lack of knowledge about
diabetes, not understanding the importance of follow-
up, cost, fear and denial [37]. Patients not seeking a
medical diagnosis was a barrier to the completion of
our screening protocol, and further research is needed
to understand the reasons for this and develop strategies
to overcome it. Additionally, towards the end of the data
collection of the present study, the COVID 19 pandemic
impacted the Australian state of Victoria, and may have
resulted in some patients not attending medical follow-
up. On the other hand, enablers to attending the GP for
follow-up have included whether the patient perceived
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the screening as an opportunity to act, appreciated the
ease with which findings could be shared with their GP,
perceived empathy from the research team, motivation
from observing family members experiencing diabe-
tes or the desire to act as a role model for other family
members [37].

Successful implementation of our diabetes screen-
ing programme also requires the support of the OHPs
who deliver the protocol. In this study, only 55% of those
patients identified in the intermediate or the high T2D
risk groups were referred to their GP for assessment. In
other words, in just under half of individuals screened,
the OHP did not follow the protocol guidelines. This rep-
resents a potential missed opportunity in identifying an
asymptomatic individual with diabetes and may result
from deficits in knowledge regarding diabetes risk factors
that were highlighted in the Stage 1 of this study [38].

The reasons as to why the intermediate or high-risk
patients were not referred by OHPs were investigated.
Consistent with the literature, several barriers to OHPs
implementing diabetes screening in an oral healthcare
setting were cited, including the extra time needed for
screening, disruption of the normal running of the oral
healthcare practice [27], lack of remuneration [4] and
whether the protocol involved an invasive component,
such as drawing blood to record capillary blood glucose
[37, 39]. Concerns regarding renumeration for diabe-
tes screening, and whether it was within OHP’s scope of
practice were cited by OHP’s in the Stage 1 survey but
were not raised in the feedback received by OHP’s who
participated in the iDENTIify screening protocol [38].

Our screening protocol represents a series of steps,
beginning with the initial patient engagement and con-
cluding with the OHP receiving a medical diagnosis of
the patients they referred to their GP. For the protocol to
be effective, co-operation is necessary between OHPs and
GPs. OHPs and GPs in Australia deliver care in a frag-
mented and separated healthcare system. International
studies have revealed healthcare provider frustration
with the referral process between GPs and OHPs, con-
cluding that improvements are required in the pathways
between oral healthcare and general healthcare [40]. A
lack of standardised communication channels between
OHPs and GPs has been suggested as one reason that lev-
els of follow-up between GP and OHPs have been low in
other diabetes screening programmes [41]. For instance,
a US study that explored diabetes screening in a student
dental clinic initially found none of the 20 GPs responded
to the written requests for information on additional dia-
betes testing results, and only after telephone requests
did all GPs provide the test results [42].

In the present study, the return rate of results from
GPs to OHPs may have been enhanced by the provision
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of a referral pack provided to patients to give to their
GP. Therefore, the GPs’ knowledge, attitudes and opin-
ions regarding medical screening in the oral health care
setting, and receiving referrals from OHPs, may also
influence their management of referred patients, and
ultimately the effectiveness of the screening protocol.
Unlike patients and OHPs, GPs were not invited to pro-
vide feedback. Informal feedback from participating GPs
in this study, indicated that they believed it was beneficial
for OHPs to assess diabetes risk amongst oral healthcare
patients and refer these patients to their GP for further
investigation. This corresponds to the results in a recent
US study, which found most GPs perceived screening for
diabetes by OHPs to be valuable, were willing to accept
referrals from a dentist, and were willing to communicate
with the referring dentist. However, in this US study, two
patients referred by their OHP following a diabetes risk
assessment, received a refusal from their GPs to perform
screening [4]. Thus, highlighting the importance of co-
operation between healthcare professionals for diabetes
screening to be effective.

This study demonstrates that identifying individuals
at an elevated risk of having or developing T2D is effec-
tive and feasible in a private oral healthcare setting. Fur-
thermore, our screening protocol reflects an approach
that can be easily incorporated into routine private oral
healthcare practice. However, for the successful imple-
mentation of a screening programme, several barriers
need to be addressed, including OHPs’ knowledge defi-
cits regarding diabetes risk factors, and the appropriate
management of positive screened cases to ensure the
protocol is successful [38]. To maximise the effectiveness
of this approach to diabetes screening, improved com-
munication and collaboration is essential between oral
health professionals and GPs, to ensure individuals at risk
are identified enabling optimal management of their oral
health and general health.
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