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Introduction: To conduct a statewide survey among Wisconsin-based dental providers
evaluating current knowledgeability, attitudes and practice behaviors surrounding
management of patients with diabetes/prediabetes in the dental setting. The study
explored perceptions on feasibility, value, barriers, and current status of integrated care
model (ICM) adoption by dental practices

Materials and Methods: A 32-question paper-based survey was mailed to all licensed
dentists and dental hygienists practicing in Wisconsin. The study was conducted
over a 4 week period in 2019. The survey instrument was adapted from a previous
validated survey and was expanded to include questions on ICM adoption. Content and
validity analyses and beta testing were conducted prior to dissemination of the survey.
Descriptive statistics and chi-square tests were applied for data analyses. Thematic
analyses was performed on open-ended questions.

Results: Survey response rate was 12% (N = 854/7,356) representing 41% dentists and
59% dental hygienists. While 68% reported educating patients on oral health-diabetes
association, only 18% reported medical consultations to inform dental treatment, and
“frequent” (22%) or “occasional” (40%), medical triage. Knowledge-based questions
were correctly answered by >70% of participants. While 50% valued chair-side glycemic
screening and 85% supported non-invasive chair-side screening to identify at-risk
patients,>88% relied on patient-reported diabetic status. Barriers to ICM adoption
included time investment (70%), patient activation/cooperation (62%), cost (50%),
insurance coverage (50%), infrequent interdisciplinary communication (46%), lack of
equipment (33%) and provider (31%).

Conclusion: Low rates of ICM adoption, chair-side testing, medical consultation and
triage, and need for educational curricula reform were identified.

Keywords: attitudes, health care surveys, health knowledge, interprofessional relations, oral health, patient care
team, practice statewide dental providers survey for integrated care models
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INTRODUCTION

A  mounting evidence-base supports the bi-directional
association of periodontal disease and type 2 diabetes mellitus
(T2DM) (1-4). Evidence-based support of oral and systemic
health association promotes a need to reform the traditional
practice paradigm through incorporation of integrated care
delivery models for the currently silo-ed medical and oral
health care delivery system. Several studies have reported that
patients withT2DM, receiving regular and timely oral healthcare
have shown an overall decrease in healthcare expenditure and
hospital admission rates (5-10). Dental providers can screen for
a spectrum of medical conditions that simultaneously exhibit
oral manifestations and are thus ideally positioned to identify
at-risk individuals during the preventive and therapeutic dental
appointments (11, 12). For example, oral manifestations of
T2DM include periodontitis, salivary dysfunction, tooth decay,
and oral ulcers, among others. Presence of these conditions
herald underlying systemic physiological imbalances where
dental providers are centrally positioned to play a key role in
assessing the patient risk and proactively triaging patients with
appropriate referrals in a timely manner (13). Moreover, because
of the variability in the underlying etiology giving rise to distinct
forms of diabetes, establishment of true diagnosis is important to
determination of appropriate dental and medical management by
the dental and medical providers, respectively. Such approaches
promote earlier recognition, potential prevention and early
intervention especially in the context of interactive oral systemic
chronic conditions, with the added benefit of improving and
managing patient health at reduced cost.

The United States Surgeon General Report of 2000 (14)
highlighted the overall need for oral and systemic health
integration and this has been reiterated in Healthy People
2020 (15). Establishing a common platform for collaborative
approaches will promote increased quality of care and inform
alternative models of care that promote improved patient
outcomes through implementation of cost-effective strategies.
Studies have demonstrated the willingness of both medical and
dental providers in provision of screenings across specialties
to help improve health outcomes and reduce financial burdens
for individuals and society as a whole (16-18). However,
creating a common platform depends on various factors,
including knowledgeability of oral and systemic association,
interdisciplinary health education training and geographic
proximity of medical and dental healthcare, among others
(11, 13, 17, 19). Additionally paradigm redesign will require
collaboration across a spectrum of stakeholders to achieve
the transformation.

In the state of Wisconsin, approximately 11.2% of the adult
population has been diagnosed with T2DM, while nearly 26%
remains undiagnosed (20). A 2016 report by the American
Diabetes Association (ADA) estimated that the state incurred
nearly $5.9 billion in direct costs in the context of providing
care and indirect costs due to missed workdays or productivity
losses for individuals with diagnosed and undiagnosed diabetes
(20). T2DM is targeted by Wisconsin’s chronic disease prevention
program which provides a coordinated approach to identifying

risk factors and comorbid complications of diabetes, and builds
strategies to address these (21, 22). The aim of the current
study was to evaluate the current knowledgeability, attitudes
and practice behaviors among dental providers in order to
better understand current management strategies of patients
with diabetes/prediabetes. This study updates and expands on a
previously published study (16), through inclusion of additional
domains that explore current status and barriers for establishing
integrated care delivery in the context of diabetes or prediabetes
and other underlying systemic conditions that potentially may
synergize and impact oral health outcomes.

DESIGN AND METHODS

Survey Tool

An anonymous 32-question survey tool consisting of
four sections including demographics, current practices,
knowledgeability and opinions was developed (shown in
Supplementary Material). The survey instrument was adapted
from an existing validated survey and expanded to include
additional questions on adoption of medical and dental
integration (16). Study team members with appropriate expertise
conducted content and validity analyses and beta testing prior
to dissemination of the survey tool. The demographic section
included a total of six demographic questions including age,
gender, role, name of dental-related school, year of graduation,
and total years of professional experience. Seven questions
configured in a multiple-choice format was included in the
knowledgeability section. These consisted of questions regarding
oral manifestations/complications of diabetes (four questions,
including a clinical scenario question) and biological glycemic
evaluation (three questions). Current practice and Opinion
sections used five-point Likert scale options to record opinions
and responses regarding current practice-based questions.
Likert scale categorization was formatted as follows: 1 =
very well trained/very frequently/very important/very willing,
2 = well trained/frequently/important/somewhat willing, 3
= not sure/occasionally/moderately important, 4 = limited
training/rarely/ moderately important/Somewhat unwilling
and 5 = no training/never/Not important /very unwilling. The
current practices questions (n = 13) assessed practice activities
including patient education about diabetes and oral health;
patient referral to medical providers and physician consultation
prior to dental treatments; and practices regarding chair-side
screening for diabetes, prediabetes, hypertension and obesity.
The opinion sub-section consisted of six questions that captured
provider opinions regarding various aspects of incorporating
diabetic screening into their dental practice. The survey tool and
study were reviewed and approved by the internal institutional
review board of Marshfield Clinic Health Systems.

Survey Dissemination

All licensed dentists and dental hygienists practicing in state of
Wisconsin were eligible to participate in the survey. A list of all
the practicing dental providers was purchased from American
Dental Association (ADA). Eligible participants were sent mails
that included a letter of invitation that had a description of study
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and information regarding options to access, a hard copy of the
survey and a return envelope with the paid postage. Participants
were given options to complete the paper-based survey or online
survey or a phone-based survey by calling a toll-free number.
Participation was voluntary and anonymous. The survey was
conducted over a 4 week window with analyses completed in
September of 2019. To encourage participants to complete the
survey, reminders were sent by another set of mailing to the
participants at end of week 2.

Data Analysis

At the end of survey period, the data was collected and
entered into a REDCap database (23). A 10% data validation
was performed on the data entered by two authors [NS, AP].
Descriptive and statistical methods were used to analyze data
and thematic analyses were conducted on open- ended questions.
Rates of missing data were calculated for each question and
reflected in the denominator. The survey responses were grouped
into various categories to facilitate high-level analyses. Age
was grouped into six categories: (18-30; 31-40; 41-50; 51-60;
61-70 and 71-80); years of graduation was grouped into six
categories (<1970; 1971-1980; 1981-1990; 1991-2000; 2001-
2010; >2011) region was categorized into four categories (west,
south, midwest, and northeast,) and years of experience were
categorized into 5 groups (<10; 11-20; 21-30; 31-40 and >40).
Statistical significance was set at p-value <0.05. Chi-square tests
were used to analyze data based on broad comparison groups
including: role (Dentist vs. Dental Hygienist), year of graduation
(<1990 vs. >1991) and years of experience (<20 vs. >21).

Likert scale responses were grouped into two sub-categories
reflecting degree of positive or negative engagement. For instance
responses to questions regarding the frequency of an activity
(e.g., “very frequently;,” “frequently,” “occasionally;” “rarely;” and
“never”) were grouped as frequently (for respondents who had
selected “very frequently,” “frequently), and infrequently (for
respondents who selected “occasionally;” “rarely;” or “never”).

Content analysis of open-ended responses for three questions
was conducted by two co-authors [NS, AP] by grouping them
into larger categories. The three open-ended queries were:(1)
resources used for remaining updated on oral-systemic health;
(2) factors contributing better management of at-risk/diabetic
patients in dental setting, and (3) barriers for medical-dental
integration. The researchers also defined additional themes in
addition to the existing ones to categorize the responses. The
inter-rater reliability was calculated using Cohen’s kappa. Data
analysis was performed using SAS 9.4 Version.

RESULTS

Respondent Demographics

A 12% (n = 854/7,356) response rate was achieved among
targeted providers who returned completed surveys. Of these, 782
completed paper-based surveys and 72 participants completed
online surveys. Among participants, 41% were dentists and
59% were dental hygienists. The majority of participants (95%)
graduated from dental schools located in Midwestern region
of the United States. Mean age and years of professional

TABLE 1 | Shows the summary of participant demographics with respect to role.

Dentist N (%) Hygienist N (%) p-value
Age <0.0001
18-30 years 34 (9.9 36 (7.2)
31-40 years 65 (18.8) 63 (12.7)
41-50 years 50 (14.5) 132 (26.5)
51-60 years 101 (29.2) 197 (39.6)
61-70 years 80 (23.2) 62 (12.5)
71-80 years 14 (4.0 7(1.4)
>80 years 1(0.1) 1(0.2)
Gender <0.0001
Female 106 (31.0) 487 (98.2)
Male 236 (69.0) 9(1.8)
Years of professional experience 0.013
<10 years 83 (24.6) 79 (16.6)
11-20 years 54 (16.0) 102 (21.5)
21-30 years 72 (21.4) 125 (26.3)
31-40 years 101 (30.0) 141 (29.7)
>40 years 27 (8.0) 28 (5.9)
Year of graduation <0.0001
<1970 10 (2.9 18 (3.7)
1971-1980 65 (19.1) 76 (15.4)
1981-1990 113 (33.1) 143 (29.0)
1991-2000 49 (14.4) 144 (29.2)
2001-2010 48 (14.1) 83 (16.8)
>2010 56 (16.4) 29 (5.9)
Region of school graduated 0.0012
Northeast 10 (3.0 2(0.4)
Midwest 308 (92) 486 (97.6)
South 10 (3.0 5(1.0)
West 7(2.0) 5(1.0)

experience of respondents was 50.1 = 12 (years) and 24.2 & 12.5,
respectively. Of the total participants, 70.8% were females. The
majority of respondents (53.8%) graduated between 1981 and
2000; while 20% graduated before 1981 and 25.9% graduated after
2000. Twenty-one respondents did not disclose the region of their
dental-related school. Table 1 shows the summary of participant
demographics with respect to role.

Practice Behavior

Sixty percent (210/344) of the dentists and 57% (274/492)
of the hygienists reported receiving training to address and
manage patients with diabetes. Eighty percent (172/213)
of the participants who graduated from a dental-related
professional school after the year 2000 stated receiving some
training to manage patients with diabetes compared to only
50% (303/607) who graduated in/before the year 2000. All
the respondents reported access to multiple resources for
attaining continuing education surrounding oral- systemic
health topics including scientific journals (77.2%;659/854);
media/news (27.7%; 237/854), continuing education programs
(93.6%; 800/854); magazines/books (49.3%; 412/854); internet
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(6.3%; 54/854); personal experience (0.9%; 8/854); patient
feedback (0.7%; 6/854) and colleagues(6%; 53/801). Table 2
summarize the ratings assigned by the respondents regarding
training received at their dental-related schools with respect to
managing patients with diabetes with respect to role, years of
graduation and years of professional experience.

A total of 67.5% (570/845) indicated that they educate patients
surrounding prediabetes and diabetes often (very frequently +
frequently); while the referral rate for at-risk/diabetic patients
to a medical provider was only 22% (186/844) who indicated
“frequently” and 39.6% (334/844) indicating “occasionally”.
Approximately 18% (149/842) of dentists and 35.8% (301/842)
dental hygienists indicated that they consult physicians for
evaluation prior to a dental treatment. The majority of
participants (>88%) indicated that they physically never screen
the patient and rely on patient- reported status for prediabetes
or diabetes. Only about 11% of providers indicated that they
access electronic health records (EHR) to determine patient
status for prediabetes, diabetes and hypertension. The percentage
indication by the respondents for contacting the patients
medical providers for the medical conditions was: 7.3%-for
prediabetes; 17.6%-for diabetes; 16.7%-for hypertension and
5.3%-for obesity, respectively.

Knowledgeability

The correct response that torus palatinus or palatal tori
is not a complication of diabetes was identified by 96.5%
(804/845) of the participants. Approximately 89% of participants
who were dentists and 90% of participants who were dental
hygienists identified correctly the symptoms of untreated DM.
The percentage of Hemoglobin A1C (HbA1C) in blood for
prediabetes is between 5.7 and 6.4% was correctly answered by
about 58% of the participants; while 61% correctly identified
that blood glucose levels greater or equal to > 126mg/dl
indicated diabetes. Approximately 92% of participants correctly
identified that “tooth abrasion” is not a sign of insulin resistance.
The option: “Proceeding with an invasive dental procedures
with instructions to discontinue hypertensive medications” was
correctly selected by about 84%(406/485) of the hygienists and
88%(299/337) of the dentists in response to the question related
to preoperative dental considerations for a patient with HbAlc
of 9.0% and a blood pressure of 150/90 mm of Hg. That HbA1C
test does not reflect day-to-day changes in glycemic levels, was
correctly identified by about 64% of the participants.

Opinions

Approximately 86% (724/839) of the providers opined that it is
“very important” or “important” for medical and dental providers
to work together for better management of pre-diabetic/diabetic
patients. Figure 1 shows the features indicated by the participants
that would likely contribute to better management of at-
risk/diabetic patients in dental settings. Approximately 26%
of the providers indicated willingness to conduct chair-side
biological glycemic measure screening; while 27% mentioned
“somewhat willing”, 22.4% were “not sure” and 25% were not
willing. About 85% of the participants indicated that they

were “very willing” or “somewhat willing” to incorporate non-
invasive screening methods to identify at-risk patients and
95% of the participants were willing to refer at-risk patients
to medical providers. The data collected from the responses
to the opinions of participants regarding barriers representing
strongest impediment to medical and dental integration were
coded and identified into various themes by two coders. Cohen’s
kappa analysis determined inter-rater reliability to be 0.96
(96%), indicating excellent agreement between the two coders.
Figure 2 summarizes the opinions of participants regarding
barriers representing the strongest impediments to medical and
dental integration.

DISCUSSION

The present study evaluated dental provider practice behaviors,
knowledgeability, attitudes and perceptions related of integrated
care delivery in context of diabetes/prediabetes by employing
survey methodology. Overall, positive attitudes among
participants toward adoption of integrated medical-dental
care delivery models were noted. Collectively, based on
responses to knowledge-based questions, participants in this
study indicated a high awareness (88-90%) of association
between oral health and diabetes. Other studies have reported
variability in knowledge levels among dental providers. A cross
sectional survey study conducted by Paquette et al., (24) of about
600 dentists in North Carolina reported that around 94% of
dentists identified diabetes as a risk factor for periodontitis. The
percentage of dentists reporting knowledgeability of assessing
DM risk was 47% in a survey conducted by Esmeli et al., (25). In
the present study, approximately 42% dental hygienists reported
to have lack of knowledge about HbA1C values. These rates were
lower than those reported in a study conducted Boyd et al., (26)
where 50% of participants (n = 392) lacked knowledge about
HbA1c values. Notably, around 60% of the total participants in
the present study reported some training on DM management
in dental offices. The relationship between the variables “year
of graduation from a dental-related professional school” vs.
“amount of training received to address and manage patients
with DM” was statistically significant (p = < 0.0001). These data
suggest that there is a greater need for inter professional training
of dental providers and an emphasis is required for increased
medical-dental communication.

Although dental providers indicated receptivity to
incorporating integrated care models in their practices, presently
only about 12% of providers indicated that they physically
screen patients for prediabetes or diabetes. Hypertension was
the condition most commonly screened by dental hygienists and
dentists compared to the other conditions. Rates of chair-side
screening for hypertension in this study were comparable
to rates reported by other studies (16, 27). This study found
time constraints and lack of patient cooperation as the major
barriers to adoption of integrated care models, followed by cost,
insurance reimbursement and lack of communication between
medical and dental providers. Studies conducted in various
countries also showed that “lack of time” was a major barrier
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TABLE 2 | Summarize the ratings assigned by the respondents regarding training received at their dental-related schools with respect to managing patients with diabetes

with respect to role, years of graduation and years of professional experience.

Role Year of graduation Years of professional experience
Likert Scale Dentist N (%) Hygienist N (%) p-value <1990N (%) >1990 N (%)  p-value <20years >20 years p-value
Excellent 51 (39.5%) 78 (60.5%) 0.16 49 (38.6%) 78 (61.4%) <0.0001 63 (50.4%) 62 (49.6%) <0.0001
Well-trained 159 (44.8%) 196 (55.2%) 137 (39.4%) 211 (60.6%) 171 (50.6%) 167 (49.4%)
Neutral 33 (40.2%) 49 (59.8%) 54 (67%) 26 (33%) 19 (24.4%) 59 (75.6%)
Poor 95 (39%) 148 (61%) 158 (66%) 81 (34%) 57 (24.5%) 176 (75.5%)
Not at all 6 (22%) 21 (78%) 20 (77%) 6 (23%) 4 (17.4%) 19 (82.6%)

Chi-square tests were used to analyze data based on comparison groups presented in this table.

Counseling patients

Providing patient education

Inquiring about medications

Refering patients

Conducting a prediabetic/diabetic screening
Educational information

Changing the provider attitude B 12 (1.4%)
Development of an integrated system 01 11 (1.3%)
Better payment models 1 8 (1%)
Provider education | 7 (0.9%)
Redesigning the workflow | 5 (0.6%)
Changing the patient attitude | 5 (0.6%)

Referrals from PCP to dentist | 3 (0.4%)

I 762 (89.2%)
I 737 (86.3%)
I 716 (83.8%)
I 659 (77.2%)
I 519 (60.7%)
I 01 (57.5%)

FIGURE 1 | Shows the features indicated by the participants that would likely contribute to better management of at-risk/diabetic patients in dental settings.

Figure 1: Factors identified with highest likelihood of
improving management of at-risk patients.

for screening patients for systemic disease (27-29). A similar
study among medical providers in state of Wisconsin, also cited
lack of insurance, lack of interdisciplinary communication and
time constraints are major factors for barriers to medical-dental
integration (30).

Rates at which dentists and hygienists referred patients to
a medical provider differed from rates at which they reported
educating patients about diabetes and oral health. Whereas,
23.6 and 20.8% of dentists and hygienists, respectively, reported
frequently referring diabetic patients to medical providers, 62 and
70% of dentists and hygienists respectively, reporting frequently
educating patients about diabetes and oral health. Although,
this study identified lack of frequent consultations/referrals to
medical providers, the majority (95%) of participants were willing
to refer their patients to medical providers. These finding suggest
the need for implementation of referral mechanisms within the
electronic health records which would facilitate and promote
referrals to medical providers.

Study results showed willingness to incorporate chair-side
medical screenings that may establish alternative best practices
that promote the concept of value-based care delivery. Previous
studies have shown similar findings. For example, survey research
conducted by Greenberg et al., (27) among 2,000 general dentists
reported that around 77% of them felt it was important to
conduct screening for diabetes in their clinic. Another cross-
sectional survey of 265 general dentists by Esmeili et al., (25)
reported that around 61% of the dentists believed that addressing
diabetes was important to their role as a dentist. By contrast, a
study conducted by Kunzal et al., (31) in the north eastern US
states found that the majority of general dentists believed that
managing patients with diabetes in dental setting falls outside
of their scope of practice and their patients and colleagues had
no expectations from them to perform these activities. In this
study, the majority of the participants (85%), indicated that they
were willing to incorporate approaches involving non-invasive
screening methods for at-risk patients in their practice. Previous
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Lack of time

Patient cooperation

Insurance reimbursement

Lack of dental-medical communication

Lack of equipment

Provider cooperation

Lack of access to insurance coverage

Low patient health literacy

Institutional guidelines

Lack of educational materials

No facilities in close proximity

I 507 (70%)
I 520 (62%)
I 433 (50.7%)

Cost NN /30 (50.3%)
I 205 (46.3%)
I 05 (33%)

I 2738 (32.6%)

I 250 (29.3%)

I 137 (22%)
I 134 (21.6%)
I 145 (17%)
I 03 (10.9%)

FIGURE 2 | Summarizes the opinions of participants regarding barriers representing the strongest impediments to medical and dental integration.

Figure 2: Factors identified as barriers to ICM adoption.

studies have developed prototypes of diabetes risk assessment
tools that have shown that identifying at-risk patients in dental
settings could be beneficial to patient health outcomes (32-36).

Studies continue to show there evidence of bi-directional
association of diabetes and periodontal diseases, thereby
justifying the importance of screening medical conditions and
management of diabetes in dental settings. It was reported by the
American Diabetes Association (ADA) in 2018 that 88 million
people have prediabetes and 32.4 million had diabetes among
whom 7.3 million remained undiagnosed (37). These data further
support the expanded role for dental providers in promoting
patient education surrounding oral-systemic association and
referral of patients to medical practitioners in timely manner
to avoid systemic complications. The new global classification
of periodontal and peri-implant diseases has proposed to
include evidence-based and clinically relevant system that focuses
on improving the communication and effective treatment to
patients. The classification also includes systemic diseases such as
T2DM as a risk factor for periodontal and peri-implant diseases
(38). The integration of oral and systemic health in dental and
medical school curricula can be more effective in achieving
holistic patient care (39, 40).

The study acknowledges some limitations. The study data
provided by the participants was anonymous and self-reported
and hence validation of the findings is limited. The study did
collect the information on practice settings (i.e., individual/solo-
practices) and whether care delivery infrastructure was supported
by integrated medical-dental practice. Whereas, a previous study

also collected data on willingness to collect saliva samples
in dental settings for blood glucose testing (27), our survey
was limited to questions surrounding evaluation of blood
glucose levels or use of non-invasive predictive approaches.
Collection of such data may be of value in future studies to
understand alternative approaches to identifying at-risk patients
in dental settings.

Study findings provide valuable provider insights to inform
the development of a national framework for medical-dental
integration currently being collaboratively advanced by Centers
for Disease Control and Prevention and National Association of
Chronic Disease Directors and multidisciplinary stakeholders in
2021 (41), to effectively minimize current barriers to adoption of
integrated care models also identified by the survey participants.
Periodic resurveying the dental practitioner will be worthwhile
to observe changes in receptivity to adoption of integrated care
models into their practices.

A further study limitation is that the survey tool did not
distinguish between various diabetes subtypes. Whereas T2DM
likely represents the most common form of diabetes that a
dental professional would encounter in their practice due to
its prevalence, the authors cannot assume that the participants
only considered this form of diabetes while responding to the
survey. It is important to acknowledge that etiological differences
that give rise to pathogenic mechanisms that determine various
forms of diabetes also require distinct clinical strategies based
on the patient’s diabetes type for approaching oral health and
medical management and achievement of glycemic control.
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Future studies surrounding dental provider knowledgeability
may focus more specifically on a specific form of diabetes to
inform establishment of disease-specific ICMs.

Finally, this study focused only on surveying dental providers
practicing in the state of Wisconsin and therefore generalizability
to other states or nationally remains to be determined.
Future studies in other states/regions of the USA could
explore reproducibility of the study findings reported herein
in other regional settings across the country in order to
determine whether barriers or factors contributing to adoption
of ICMs are consistently identifiable or vary regionally.
Definition of consistently identifiable contributing variables
would inform a targeted approach for creating successful ICMs
and could accelerate more universal adoption to promote greater
achievement of integrated care delivery.
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