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Introduction
Sonia is visiting her obstetrician-gynecologist (OB-GYN) for a routine visit during her second 
trimester of pregnancy. After giving Sonia a clean bill of health, her OB-GYN tells Sonia about an 
opportunity to visit with a dental hygienist who works in the office as part of the health care team. 

Sonia agrees, and her doctor escorts her to an adjoining 
examination room, where she introduces Sonia to the office’s 
dental hygienist, Margot. Margot greets Sonia, asks about  
her oral health, and conducts a brief oral health screening.  
She tells Sonia she sees initial signs of periodontal disease  
and recommends that Sonia see a periodontist for an 
evaluation and possible treatment. Margot also provides  
Sonia with oral health instructions and recommendations 
before Sonia leaves the office. After Sonia leaves, Margot 
enters her findings and recommendations into an electronic 
health record (EHR) that includes both Sonia’s medical and 
dental records. The OB-GYN’s office is able to bill the dental 
hygiene visit under Sonia’s dental insurance. Through the EHR, 
Margot is able to send an electronic referral directly to the 
periodontist, so the dental office can contact Sonia directly. 
The periodontist’s office receives an alert about the referral 
through its EHR system and contacts, and they contact Sonia 
and schedule an appointment two weeks later. 

Shortly after giving birth to Parker, Sonia takes Parker to 
a well-child visit at the pediatrician’s office. There, they 
are introduced to a nurse practitioner, Christopher, who is 
knowledgeable about recommended infant oral health care, 
preventing baby-bottle tooth decay, and the importance of 
having a dental visit by the age of one. Throughout all of 
Parker’s pediatrician visits, Christopher gives Sonia helpful 
advice on how to care for Parker’s oral health and does a warm 
handoff to a pediatric dentist ahead of Parker’s first birthday. 
Through the interoperable EHRs between the pediatrician’s 
and pediatric dentist’s offices, the pediatric dentist is able to 
view Christopher’s notes about all of Parker’s pediatrician visits 
and is able to provide continuity of care for the family. 

When Parker is six years old, he is diagnosed with Type 1 
diabetes. Aware of the link between diabetes and periodontal 
disease, Parker’s pediatrician once again includes Christopher 
in one of Parker’s medical visits to do an oral health screening. 
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Christopher sees early signs of gingival inflammation in 
Parker’s mouth and provides Sonia with guidance on how 
to floss his teeth regularly. He also puts in a referral through 
the interoperable EHR for Parker to be seen at his pediatric 
dentist’s office for more frequent periodontal monitoring. 
Christopher can bill for this oral health screening and 
consultation through Sonia’s dental insurance.

At the age of 25, Parker has been smoking cigarettes for about 
four years, a habit he picked up in college. During his annual 
physical, his primary care provider (PCP) talks with Parker 
about his tobacco use and reasons he may want to quit. His 
PCP does a brief intraoral examination and sees an area on the 
inside of Parker’s cheek that she thinks looks suspicious. Using 
the interoperable EHR, she sends a referral to Parker’s dentist 
for him to be seen later that week. At this dental visit, Parker’s 
dentist does a biopsy of the lesion and sends it for analysis by 
an oral pathologist. Fortunately, the lesion is determined to be 
benign, and this result is shared via EHR with Parker’s dentist 

and PCP. Parker receives a recommendation from his PCP for a 
tobacco cessation program, which he successfully completes. 
His dentist continues to monitor him for signs of oral cancer 
and communicates the results back to his PCP. 

Now 72 years old, Parker is seeing an orthopedic surgeon 
about persistent pain in his hip. His surgeon recommends a 
hip replacement surgery, followed by a few days in the hospital. 
The orthopedic surgeon is well aware of the importance of 
good oral health in preventing hospital-acquired pneumonia 
and refers Parker to his dentist via the interoperable EHR 
for a pre-operative evaluation and prophylaxis as needed. 
As Parker visits his oral health team regularly, the hygienist 
recommends a routine cleaning; she and Parker’s dentist 
agree that no additional periodontal treatment is needed. This 
recommendation is communicated back to the orthopedic 
surgeon, who moves ahead with scheduling the surgery. The 
procedure is successful, and Parker is discharged from the 
hospital with a new hip and a clean bill of health.

This vignette provides an example of a life course approach — 
involving the prenatal, early childhood, and adult portions of 
the life span — that focuses on the oral-systemic interactions 
(OSI) on which a medical-dental integration (MDI) model is 
built. In this idealized situation, Sonia’s and Parker’s medical 
providers were aware of the links between oral health and 
overall health, constructed their practices with these links in 
mind, and incorporated all the required technical and insurance 
infrastructure to provide integrated care. 

Oral health is a core component of overall health; a healthy 
mouth and a healthy body are bidirectionally related. An 
umbrella review shows that, as of 2022, researchers had 
published 293 systematic reviews with meta-analyses on the 
links between oral diseases and noncommunicable diseases 
(e.g., diabetes, cardiovascular disease, depression).1 Oral 

diseases and systemic diseases are connected in a way that 
is consistent with a life course approach, with risk factors 
and health outcomes changing throughout the life span. 
Evaluating OSI through this lens allows us to better understand 
potential links between risk exposure and subsequent disease 
development as, in part, a function of an individual’s age. As we 
look across the life span, we discover how physical, emotional, 
environmental, and social aspects of life relate to OSI. 

As our understanding of OSI increases, the importance of 
integrating medicine and dentistry for care across the life span 
becomes increasingly clear. MDI is an essential component  
of achieving overall health that is inclusive of oral health.  
MDI models are complex to design, are implemented with 
varying degrees of success, and yield benefits such as 
improved interprofessional communications and better health 
care outcomes.

This report discusses the need to understand a life course 
approach regarding both OSI and MDI. It provides a 
comprehensive overview of the bidirectional nature of oral and 
systemic diseases across different life phases and how health 
care delivery in an integrated form can improve access to care 
and health outcomes. Finally, it discusses the gaps, challenges, 
and barriers to creating integrated models, and provides 
recommendations to improve the future of MDI.

Oral health is a core 
component of overall 
health; a healthy mouth 
and a healthy body are 
bidirectionally related.
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Connections Between Oral Health 
and Systemic Conditions Throughout 
the Life Span
Pregnancy and Periodontal Concerns
Periodontal disease, or infection and inflammation of the 
gingival tissue and bone around the teeth,2 has been linked to 
adverse pregnancy and birth outcomes including preeclampsia 
(pregnancy-related hypertension),3 preterm birth,4 and low 
birth weight.5 Pregnant individuals are also at an increased risk 
of periodontal infection, as pregnancy-related hormones may 
interact with other factors (such as elevated plaque levels) 
to worsen gingival inflammation.6 Furthermore, pregnant 
individuals may not receive routine dental care during the 
prenatal period due to their own concerns about the safety of 
dental treatment during pregnancy7 or the concerns of oral 
health providers.8 It is safe to receive dental care during all 
stages of pregnancy,9 and evidence suggests that receiving 
periodontal treatment may lead to improved birth outcomes, 
although this evidence is mixed.10 A meta-analysis of 20 
randomized controlled trials found that receiving periodontal 
treatment during pregnancy was associated with a reduced risk 

of preterm birth and perinatal mortality as well as increased 
birth weight.11 In recognition of the importance of receiving 
routine dental care during pregnancy, prenatal and postpartum 
dental benefits have been extended to Medicaid participants 
across all 50 states and the District of Columbia as of  
October 1, 2022.12

Health Impacts of Early Childhood Caries
Despite the common misperception that “baby teeth” are not 
important because “they’re going to fall out anyway,”13 it is 
critical for children to have good oral health from their earliest 
days in order to avoid short- and long-term consequences of 
dental disease. Children are able to receive cariogenic bacteria 
directly from their mothers through vertical transmission of 
mutans streptococci early in life, possibly even before their 
first tooth erupts.14 Children with such bacteria tend to have 
more dental caries than children with without these bacteria.15 
Early childhood caries (ECC) is the most common chronic 
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disease that occurs in childhood,16 and is linked to numerous 
adverse health and quality of life outcomes. Severe ECC 
is linked to poor nutrition, weight loss, and iron-deficiency 
anemia, as children with severe dental decay are unable to eat 
nutritious foods due to chronic dental pain and dysfunction.17, 

18 ECC can negatively affect children’s behavior, performance 
in school, and overall development.16 The treatment for ECC 
itself can have a negative impact as well. Every year in the 
United States (US), approximately 100,000–250,000 children 
undergo dental treatment under sedation.19 While generally 
safe when conducted under the direction of trained specialists, 
all sedation involves some level of risk of adverse events, 
including vomiting, respiratory depression, and aspiration.20 
The American Association of Pediatric Dentistry recommends 
that children see a dentist by their first birthday or within six 
months of the eruption of their first tooth in order to establish 
a dental home and prevent the development or progression of 
ECC.21

Unique Oral Health Issues Facing Adolescents
As adolescents become more independent from their 
parents, they may face unique challenges to their oral health. 
E-cigarettes are the most common form of nicotine used 
by adolescents, with more than 14% of high school students 
and 3% of middle school students reporting that they used 
e-cigarettes within the past 30 days in 2022.22 “Vaping” (the 
use of e-cigarettes) is linked to increased risk of periodontal 
disease as well as oral lesions.23–25 Additionally, there are 
concerns about the potential long-term neurologic effects 
of high levels of nicotine on the developing brain during 
adolescence.26 Adolescents are also more likely to experience 
injuries to their mouths through school athletics, such as 
cuts to the lips and broken teeth.27, 28 Approximately 5% of 
adolescents have some kind of oral piercing,29 and piercings 
in the tongue and lip are linked to gingival recession and 
tooth chipping or cracking.28, 30 As adolescents gain more 
autonomy over their diets, they may be more likely to choose 
more carbohydrates and sugary beverages, which are linked to 
increased caries.31 Oral health providers are valuable resources 
to advise adolescents and their parents/caregivers on 
immunizations, including for the human papillomavirus (HPV), 
that are recommended to start in early adolescence.32 More 
than half of adolescents aged 13 and above meet with their 
health care provider without their parents present,33 indicating 
the importance of integrating medical and oral care so that 
primary care providers can continue to monitor the oral health 
of their adolescent patients and encourage regular dental care.

Increased Independence Affects Oral Health in 
Young Adulthood 
As individuals move out of adolescence and enter young 
adulthood, some oral health risks remain while new issues can 
emerge. Although some young people begin using tobacco and 
alcohol earlier, the age at which individuals in the US can legally 
purchase both is 21.34, 35 Chronic use of alcohol, tobacco, or 
both together significantly increases the risk of developing oral 
cancer36 as well as pulmonary disease, cardiovascular disease, 
and depression.37, 38 Additionally, the mean age of onset for 
eating disorders is 18 for bulimia nervosa and anorexia nervosa, 
and 21 for binge eating disorder.39 Eating disorders are linked 
to oral health impacts such as tooth erosion, gingival recession, 
and enlarged parotid glands,40 as well as systemic effects such 
as anemia, muscle wasting, hypotension, cardiac damage, and 
infertility.41 As oral health professionals may be the first health 
care providers to observe oral signs of tobacco use as well 
as eating disorders (e.g., tooth staining and erosion),42, 43 it is 
critically important for oral health providers, physicians, and 
behavioral health specialists to be part of an interdisciplinary 
team to treat individuals with substance use or eating disorders. 

The American Association 
of Pediatric Dentistry 
recommends that children 
see a dentist by their first 
birthday or within six 
months of the eruption 
of their first tooth in 
order to establish a 
dental home and prevent 
the development or 
progression of early 
childhood caries.
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Middle Age and Its Oral Health Implications
According to results from the National Health and Nutrition 
Examination Survey (NHANES; 2009–2014), more than a 
third of US adults over the age of 30 have mild to moderate 
periodontitis, and 7.8% have severe periodontitis.44 In 
addition to the health effects linked with periodontal disease 
mentioned above (i.e., adverse birth outcomes, impacts from 
vaping), other systemic health conditions appear to have a 
bidirectional relationship with periodontal disease, particularly 
as adults age. Much of the scientific literature in the area of 
OSI addresses the relationship between periodontal disease 
and diabetes mellitus.45 There is considerable evidence that 
“diabetes increase[s] the risk for periodontitis, and periodontal 
inflammation negatively affect[s] glycemic control.”46 
Substantiating the relationship between the two conditions, 
clinical studies have shown that treatment for periodontal 
disease results in a reduction of hemoglobin A1C (HbA1C, or 
blood glucose) levels.47, 48 Additionally, large-scale analyses of 
medical and dental claims data find an association between 
periodontal treatment and subsequent decreases in overall 
diabetes-related health care costs.49, 50

In addition to its relationship with diabetes, periodontal 
disease has also been linked to cardiovascular disease (CVD). 
A large-scale prospective cohort study found a significantly 
increased risk for stroke and ischemic heart disease in adults 
with periodontitis.51 A similar prospective study found that, 
when controlling for diabetes and smoking history, adults with 
a periodontal disease diagnosis, prior periodontal treatment, 
or self-reported tooth loss due to periodontal disease were 
at significantly greater risk of developing peripheral artery 
disease.52 Individuals with periodontitis have been found to 
have higher levels of low-density lipoproteins and triglycerides 
than those without periodontitis.53 Finally, nonsurgical 
periodontal treatment is linked with significantly reduced 
systemic levels of inflammatory biomarkers associated with 
coronary heart disease.54, 55 Thus, as individuals age and 
become more likely to develop systemic conditions such as 
diabetes and CVD, it becomes all the more important to ensure 
that adults receive appropriate oral health care, particularly 
related to treatment of periodontal disease. 

The Critical Importance of Good Oral Health for 
Older Adults
As adults age into their later years, establishing and 
maintaining good oral health become even more important. In a 
prospective study of more than 2,000 adults who did not have 
any cognitive impairment at baseline, individuals with oral frailty 
(e.g., missing teeth, difficulties in eating and swallowing) were 
significantly more likely to develop mild cognitive impairment 

during the study period compared to adults without oral 
frailty.56 Periodontitis is linked to a significantly increased risk 
of dementia in adults over the age of 50.57, 58 In a prospective 
study of adults aged 75–80 years, the adjusted risk of 
developing dementia was significantly lower in adults receiving 
periodontal treatment, and those with five or more periodontal 
treatments had a lower risk of overall dementia, Alzheimer’s 
disease, and vascular dementia compared to adults without 
periodontal treatment.59 

Among older adults who are hospitalized, poor oral health is 
linked to a higher risk of developing pneumonia. Specifically, 
the risk of developing hospital-acquired pneumonia is higher 
in individuals with missing teeth and heavy dental plaque.60 
In a study of the effectiveness of an oral health protocol 
in an acute care setting, an increase in oral hygiene care 
(including patients receiving oral heath kits) was associated 
with an 85% reduction in cases of non-ventilator hospital-
acquired pneumonia (NVHAP) compared to adults on acute 
care units on which nursing staff received only a “refresher 
training on the . . . usual oral care protocol” but no oral health 
products.61 Large-scale medical and dental claims data show 
that, among adult Medicaid participants, receiving preventive 
dental care during the 12 months prior to hospitalization, or 
receiving periodontal treatment during the six months prior 
to hospitalization, is linked with a significantly reduced risk of 
developing NVHAP compared to those who did not receive 
dental care prior to hospitalization.62 

More than 1/3  
of US adults over the age of 30  
have mild to moderate 
periodontitis, and 7.8% have 
severe periodontitis.

Periodontitis is linked to a 
significantly increased risk 
of dementia in adults over 
the age of 50.
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Why Integrated Health Care Systems Should 
Understand Oral-Systemic Interactions 
Through a Life Course Approach
A life course approach considers factors that apply during 
development and aging, which might influence disease 
onset.63, 64 This approach is related to the time between 
exposure to risk factors and disease development and 
progression at the individual and population levels.65 The life 
course approach follows the framework of risk accumulation, 
critical and sensitive periods of exposure, and underlying socio-
environmental determinants of health experienced at different 
life course stages.66 According to the life course approach, 
providers should treat diseases at onset rather than waiting 
until the disease has progressed.65, 66 

As previously described, OSIs start during the prenatal period 
and are part of a person’s lifelong journey. As a result, both oral 
health providers and physicians must be knowledgeable about 
the links between oral and systemic health, and how poor 
health in one arena can influence the other. Providers from 
each sphere must also be willing and prepared to refer patients 
to one another as appropriate. In the prenatal period, OB-GYNs 
should be knowledgeable about the role of good oral health 
for both the pregnant person’s overall health and the health 

of their child; oral health providers should be comfortable 
providing care to pregnant persons throughout pregnancy. 
Integrated care between the OB-GYN and oral health provider 
will help ensure the health of the pregnant person and their 
unborn child. After the child is born, a referral from the child’s 
pediatrician to a pediatric dentist in time for the child’s first 
birthday21 should be as routine as the handoff from an OB-GYN 
to a pediatrician. As children develop into adolescents and 
become more independent from their parents, they may see 
both oral health providers and physicians as trusted adults with 
whom they can share concerns they do not want to discuss 
with their parents. Close communication between these 
providers may result in detecting concerning behavior in their 
mutual adolescent patients, such as use of tobacco, alcohol, or 
drugs, or the early development of an eating disorder. 

Into adulthood, an MDI approach allows health care providers 
to screen, refer, and advise patients who may be unaware of 
their risk factors for many chronic diseases. For example, it is 
estimated that more than 20% of adults with diabetes mellitus 
and 80% of adults with pre-diabetes are unaware that they 
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have these conditions.67–69 In their systematic review and meta-
analysis of studies examining point-of-care diabetes testing 
of dental patients previously undiagnosed with diabetes, 
Chinnasamy and Moodie found that 11% of these patients 
were diagnosed with diabetes and 47% with pre-diabetes.70 
Dental visits can incorporate diabetes testing and other health 
screenings, such as blood pressure and HIV testing. Since 
nearly 10% of individuals who see a dentist in a given year do 
not see a physician,71 incorporating health screenings into the 
dental visit is all the more important to improve access to care, 
as is anticipatory guidance for preventive medical care such as 
childhood immunizations and the HPV vaccine, as well as adult 
immunizations such as those for yearly influenza, SARS-CoV-2 
(COVID-19), respiratory syncytial virus (RSV), and varicella-
zoster virus (shingles). 

Finally, the connection between oral and mental health affects 
individuals at every life stage and is bidirectional in nature. 
Depressive symptoms, such as lack of motivation, feelings 
of worthlessness, and fatigue, may adversely affect adults’ 
behaviors related to oral hygiene maintenance.72–74 Greater risk 
for dental decay and tooth loss can lead to more frequent pain 
experiences, social isolation, low self-esteem, and reduced 

quality of life and, in turn, can be associated with worse mental 
health.75, 76 Both physicians and dentists are able to screen 
patients for depression relatively easily with measures such 
as the Patient Health Questionnaire (PHQ-9),77 and should 
be comfortable screening and referring patients to behavioral 
health providers when appropriate.

With this foundational understanding of the OSI, it seems clear 
that oral and medical health should be integrated at all levels of 
primary care following a life course approach. Such integration 
will benefit patients across their life span. 

Cost Savings Associated with Medical-
Dental Integration
MDI not only improves oral and overall health across the life 
span but also reduces costs. As noted above, large-scale 
medical and dental claims data analyses show savings in 
diabetes-related health care costs following treatment for 
periodontal disease.49, 50 Similarly, providing individuals who 
have diabetes and periodontitis with periodontal treatment 
was predicted to save each individual an average of $5,904 in 
health care costs, using a simulation study of NHANES data.78 

In a study of nearly 600,000 patients undergoing heart valve 
surgical procedures, the average hospital charges and length 
of hospital stay were significantly higher for patients with 
gingivitis or periodontitis compared with other patients.79 For 
individuals newly diagnosed with heart disease, providing 
periodontal treatment is linked with lower outpatient health 
care costs.80 

To date, studies examining the effects of periodontal treatment 
on health care costs have relied on analyses of medical and 
dental claims data in order to have sufficiently large sample 

sizes to detect cost savings differences between groups. 
However, dental claims data often lack diagnostic codes, 
leaving researchers to infer periodontal disease severity 
through the number of treatments provided. Randomized 
controlled trials involve screening for health conditions as part 
of inclusion/exclusion criteria, yet are often too small in scale to 
determine health care cost savings on the same scale as claims 
analyses. Furthermore, randomizing patients with periodontal 
disease to either optimal care (i.e., scaling and root planing) 
or suboptimal care (i.e., routine prophylaxis or waitlist control) 
raises ethical concerns. 

Consistent use of dental diagnostic codes and increased 
interoperability between electronic medical and dental 
records are two key strategies that could provide more robust 
data about the cost savings associated with medical-dental 
integration. Such data efforts will allow large-scale analysis  
of claims data to determine which interventions produce the 
most health care cost savings and most optimal patient  
health outcomes. 

20% of adults  
with diabetes mellitus, 
and  

80% of adults  
with pre-diabetes  
are unaware that they have 
these conditions.
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Successes and Challenges of Systems 
in OSI-MDI
There are several examples of health care systems that 
have thoughtfully implemented an MDI model, even while 
facing continued challenges in designing, implementing, and 
evaluating the success of these programs. The Medical Oral 
Expanded Care (MORE Care) initiative has been successful 
in increasing the average proportion of pediatric dental 
patients receiving fluoride varnish in primary care practices 
across four states.81 Providing different forms of continuing 
medical education to PCPs on oral health screening, referrals, 
counseling, and fluoride varnish application resulted in nearly 
half of the PCPs providing 20 preventive dental visits activities 
(screening, fluoride varnish, etc.) or more to Medicaid-enrolled 
children in North Carolina.82 One of the more successful 
examples of MDI model is the integration of dental health into 
well-child visits (WCVs). WCVs are a keystone of delivering 
preventive services in pediatrics in the US. WCVs monitor  
the growth, development, and behavioral health of a child. 
In recent years, WCVs have often included an oral health 
component, based on recommendations from the American 
Academy of Pediatrics and the American Academy of  
Pediatric Dentistry.83–85 

Tiwari and colleagues examined the relationship between 
WCVs and preventive dental visits (PDVs) using a large, 
multistate Medicaid claims data set (1.3 million children).86 
There was an overall trend for children with at least one WCV 
to have more preventive dental visits compared with all children 
enrolled in Medicaid. This trend was seen at all ages, although 
the dental visits for children by age one were significantly fewer 
in both groups. As children approached the ages of three and 
four, the difference between the two groups (prior WCV versus 
no prior WCV) became wider: At age three, 50% of children 
with a prior WCV had attended a PDV, versus 37% of all 
Medicaid-enrolled children, and by age four, the corresponding 
figures were 59% versus 48%. Having a WCV had a greater 
influence on visiting the dentist for older age groups.

The same group of researchers went a step further to evaluate 
the role of location of service of the WCV and its association 
with PDV attendance for children from birth to age 20 — again 
using a large multistate data set (3.7 million children).87 The 
study revealed some noteworthy trends for Medicaid-enrolled 
children. First, the most often utilized locations for WCVs 
were the medical office and hospital, where about 90% of the 
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visits were completed. Both federally qualified health centers 
(FQHCs) and rural locations were utilized less often for WCVs. 
Again, WCVs had a stronger influence on the likelihood of 
visiting the dentist for older age groups than for younger 
children. Children ages 5–9 had the highest odds of attending 
a PDV after a WCV at all three locations, followed by children 
ages 10–14. Possible explanations for these findings include 
increased parental oral health awareness as their children grow 
older and increased dentist comfort in treating older children.88

However, in both of these studies, a dental assessment during 
the WCV — either an examination or a dental diagnosis — was 
not conducted for a high percentage of children. In the first 
study, only 2–3% of children received a dental exam during 
a WCV. In the second study, children received the highest 
percentage of dental assessments at office or hospital visits 
(3%); however, this is a very low percentage of all the children 
who received a WCV. Several reasons have been identified for 
this lack of implementation, including a lack of training and 
burnout at the clinical level, lack of prioritization of oral health 
in WCVs, and lack of will at the leadership level.89

Another example of MDI implementation can be found 
in recent efforts to integrate behavioral health into oral 
health. The Clackamas Health Center (CHC) in Oregon is 
implementing a pilot program to transition its dental clinics 
into trauma-informed clinics. By implementing a trauma-
informed approach universally, CHC hopes to reduce the 
patient anxiety that is often associated with dental treatment, 
improve attendance rates in its dental clinics, and increase 
rates of completed treatment. The project is based on a life 
course approach, with providers acknowledging that early life 
experiences, including those related to dental anxiety, can 
affect health over a lifetime and across generations. Their 
Trauma Informed Care workgroup — which includes dental, 
medical, and behavioral practitioners — developed policies, 
protocols, and trainings for the entire staff. All patients over 
the age of 10 complete a dental anxiety scale at intake and 
at an annual exam. Based on the resulting score, the dental 
provider has several options to offer the patient to make the 
dental visit comfortable. If the score is 19–20 (considered high 
dental anxiety), a behavioral health provider is introduced to 
the patient for a brief consultation. At future dental visits, the 
behavioral health provider is present with the patient to provide 
support and coaching in coping skills. This is a pilot program 
funded by CareOregon Dental, which absorbs the cost of the 
behavioral health provider’s participation. However, to sustain 
this behavioral and oral health integration, an increased billing 
to accommodate the behavioral health services would likely 
need to be covered by patients’ insurance plans.

Such examples are an important reminder that systems can 
innovate to integrate medical, behavioral, and oral health. 
Although each clinic faces unique barriers and there is no 
single formula for the success of the MDI model, there are 
a few general rules for success and sustainability. Financial 
viability is critical to successful MDI. Most integrated models 
start small, or are phased in, and can grow into large, complex 
models once the success of the initial model is demonstrated. 
MDI implementation represents a cultural shift for the whole 
organization, from the front desk to the clinician. Thus, 
aligning expectations, obtaining leadership buy-in, building 
infrastructure (including interoperable EHRs), and closing 
referral loops are some of the initial steps in establishing 
integrated care models.90 

Medical-dental integration 
implementation represents 
a cultural shift for the 
whole organization, from 
the front desk to the 
clinician. Thus, aligning 
expectations, obtaining 
leadership buy-in, building 
infrastructure (including 
interoperable electronic 
health records), and 
closing referral loops are 
some of the initial steps 
in establishing integrated 
care models.
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Gaps in the Understanding and 
Implementation of OSI and MDI 
Currently, we see that MDI models are compartmentalized, as 
most provide care for only vulnerable populations by decreasing 
the number of facilities, appointments, and providers with whom 
a patient must interact. Most MDI models use small and phased 
integrations as initiating steps that can build a foundation for 
more extensive programs. The main barrier to a successful MDI 
model is the lack of an interoperable EHR, which is necessary 
to access medical records, make referrals, and collect data to 
ultimately measure success.90

MDI models are usually not built with financial viability in their 
structure, as most of the models start as funded projects. 
A few reports have recently argued that financial viability is 
one of the most important components of MDI’s success and 
sustainability.91 There are clinical models that show that when 
dental providers are embedded in medical offices, the dental 
providers can bill dental insurance. Medical providers can bill 
medical insurance for preventive services such as fluoride 
varnish and oral health counseling.91 However, there is minimal 
evidence that dental providers can bill for preventive medical 
services such as blood pressure measurement. 

Developing an Integrated Information 
Exchange, Workflows, and Payment 
Structures 
One of the main concerns in building MDI models is that 
the infrastructure needed for sharing patient information — 
electronic medical and dental records — is seldom  
integrated or interoperable. Switching EHR programs requires 
extensive time and financial resources, making it a barrier  
to the implementation process. Some large hospital systems 
have shown how integrated EHRs can reduce gaps in care, 
improve access to care, and improve patient outcomes.92  
The question remains how a solo health care provider can 
make such a shift. Cloud-based online patient portals may  
be an answer that could reduce the need for software that  
harbors EHRs.93

Dental and medical insurance are siloed from one another, and 
dental benefits do not follow a life course approach. Steps need 
to be taken to improve and combine payment structures by,  
for example, enhancing public and private health care coverage 
for oral health care throughout the life span. An example of this 
would be to make sure that pregnant persons have insurance 
coverage for dental care. Another example is coverage 
for primary oral health care for all patients with diabetes. 
Furthermore, using value-based care models to move away 
from fee-for-service models and improving population health 
via preventive efforts can be done by bundling payments, using 
accountable care organizations, or incentivizing providers. 

The main barrier to a 
successful medical-dental 
integration model is the 
lack of an interoperable 
electronic health record, 
which is necessary to 
access medical records, 
make referrals, and  
collect data to ultimately 
measure success.
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Building Evaluation and Cost Saving 
from the Start
The key to accurate evaluation of health outcomes and cost 
savings is to establish robust data collection infrastructure 
from the start of the integration of medical and dental systems. 
As noted above, interoperability between medical and dental 
EHR systems is critical to be able to track patient visits, 
prescriptions, referrals, health outcomes, and health care 
costs incurred on both the medical and dental side. Systems 
that speak to each other allow health care professionals to 
provide more comprehensive, whole-person care to their 
patients, and allow researchers to see the “whole picture” when 
analyzing health care utilization, health outcomes, and cost 
savings. Furthermore, when oral health care providers include 
diagnostic codes when submitting claims, they can better 
track their patients’ health outcomes (e.g., reduced periodontal 
pockets, decreased caries risk) over time. Including diagnostic 
codes also produces more detailed data, through which 
researchers can determine which interventions produce the 
most health care cost savings and most optimal patient health 
outcomes. Patients, providers, and the health care system as a 
whole benefit from such an integrated, robust system.

The key to accurate 
evaluation of health 
outcomes and cost savings 
is to establish robust data 
collection infrastructure 
from the start of the 
integration of medical and 
dental systems.
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Framework Recommendations for 
Implementing MDI Across the Life Span 
The success and sustainability of MDI models depend on following a life course approach. We offer 
a few recommendations that will act as a foundational framework for developing a life course–based 
MDI with sustainability as a primary pillar.

1. Educating medical, dental, and allied health  
care workforce members in MDI.  
As we move forward in the MDI process, we need to 
think of how to educate the next generation of health 
care providers while continuing to educate current 
practitioners in this area, building and renewing 
awareness, and developing tools that help them 
implement MDI in practice. In the 1990s, the Institute of 
Medicine pointed out that dental education was siloed 
and fragmented.94 Since then, several reforms have 
been made — from vertical and horizontal integration of 
curricula to include diverse content across disciplines, 
to conceptualization of content and developing different 
models of learning.95, 96 Also, interprofessional education-
related competencies have been built, and other testing 
and evaluation modalities have been developed, that are 
used in dental education. However, more needs to be 
done to expand this interprofessional educational model. 

2. Implementing bidirectionality of integrated 
medical and dental teaching and practice.  
We need to develop a system that mandates teaching 
about oral health in health care programs outside 
of dentistry, instilling core clinical competencies for 
primary care providers. An excellent example can be 
found in nursing programs that have moved beyond the 
traditional head, eyes, ears, nose, and throat (HEENT) 
examination by including an oral component (teeth, 
gums, mucosa, tongue, and palate) to create the 
HEENOT examination.97–99

3. Changing state practice acts and scope of 
practice for dentists.  
One example of this state-level change is the expansion 
of the scope of practice for dentists in Oregon to  
include providing vaccinations.100 Oregon offers a  
model for increasing awareness of MDI for both  
providers and policymakers; these efforts are still being 
phased in as the beginning of a longer road toward 
broader integration. 

4. Increasing patient awareness to improve 
acceptability of MDI models.  
Although there is an enormous amount of literature 
related to provider awareness of MDI, there is a paucity 
of data about the patient’s side. The limited data  
have shown that patients are supportive of MDI.101, 102 
Much needs to be done to create awareness among 
patients about the benefits of MDI for them and their 
families — such as the benefits of receiving many of their 
health care services under one roof and improved quality 
and coordination of care. Including patient outcomes 
data — including both subjective satisfaction ratings  
and objective health outcome measures — will be  
key to evaluating the success of MDI models. Also, 
establishing patient navigation tools and patient support 
groups, so patients can gain a better understanding of 
the impact of MDI, are important first steps that can 
increase patient demand for MDI.

https://www.carequest.org


Oral-Systemic Interactions and Medical-Dental Integration: A Life Course Approach      carequest.org 15

References

1. João Botelho, Paulo Mascarenhas, João Viana, Luís Proença, Marco 
Orlandi, Yago Leira, Leandro Chambrone, José João Mendes, and 
Vanessa Machado, “An Umbrella Review of the Evidence Linking 
Oral Health and Systemic Noncommunicable Diseases,” Nature 
Communications 13, no. 1 (December 2022): 7614, DOI: 10.1038/
s41467-022-35337-8.

2. “Periodontal Disease,” Centers for Disease Control and Prevention, 
accessed October 9, 2023, https://www.cdc.gov/oralhealth/conditions/
periodontal-disease.html#periodontal.

3. Lauren Crowder, “Is There Evidence of a Relationship Between 
Pre-Eclampsia and Periodontitis?” Evidence-Based Dentistry 24, no. 1 
(March 2023): 37–38, DOI: 10.1038/s41432-023-00870-y.

4. Edwar J. Manrique-Corredor, Domingo Orozco-Beltran, Adriana Lopez-
Pineda, Jose A. Quesada, Vicente F. Gil-Guillen, and Concepcion 
Carratala-Munuera, “Maternal Periodontitis and Preterm Birth: 
Systematic Review and Meta-Analysis,” Community Dentistry and Oral 
Epidemiology 47, no. 3 (June 2019): 243–251, DOI: 10.1111/cdoe.12450.

5. Tania Padilla-Cáceres, Heber Isac Arbildo-Vega, Luz Caballero-Apaza, 
Fredy Cruzado-Oliva, Vilma Mamani-Cori, Sheyla Cervantes-Alagón, 
Evelyn Munayco-Pantoja, Saurav Panda, Hernán Vásquez-Rodrigo, 
Percy Castro-Mejía, and Delsi Huaita-Acha, “Association Between the 
Risk of Preterm Birth and Low Birth Weight with Periodontal Disease 
in Pregnant Women: An Umbrella Review,” Dentistry Journal 11, no. 3 
(March 2023): 74, DOI: 10.3390/dj11030074.

6. Ana Carrillo-de-Albornoz, Elena Figuero, David Herrera, Pedro 
Cuesta, and Antonio Bascones-Martínez, “Gingival Changes During 
Pregnancy: III. Impact of Clinical, Microbiological, Immunological 
and Socio-Demographic Factors on Gingival Inflammation,” Journal 
of Clinical Periodontology 39, no. 3 (March 2012): 272–283, DOI: 
10.1111/j.1600-051X.2011.01800.x.

7. Ajesh George, Maree Johnson, Anthony Blinkhorn, Shilpi Ajwani, Sharon 
Ellis, and Sameer Bhole, “Views of Pregnant Women in South Western 
Sydney Towards Dental Care and an Oral-Health Program Initiated by 
Midwives,” Health Promotion Journal of Australia 24, no. 3 (December 
2013): 178–184, DOI: 10.1071/HE13040.

8. Ajesh George, Simin Shamim, Maree Johnson, Hannah Dahlen, Shilpi 
Ajwani, Sameer Bhole, and Anthony E. Yeo, “How Do Dental and Prenatal 
Care Practitioners Perceive Dental Care During Pregnancy? Current 
Evidence and Implications,” Birth 39, no. 3 (September 2012): 238–247, 
DOI: 10.1111/j.1523-536X.2012.00553.x.

9. “Pregnancy,” American Dental Association, accessed 
October 9, 2023, https://www.ada.org/en/resources/research/
science-and-research-institute/oral-health-topics/pregnancy.

10. Zipporah Iheozor-Ejiofor, Philippa Middleton, Marco Esposito, and 
Anne-Marie Glenny, “Treating Periodontal Disease for Preventing 
Adverse Birth Outcomes in Pregnant Women,” Cochrane Database 
of Systematic Reviews 6, no. 6 (June 2017): CD005297, DOI: 
10.1002/14651858.CD005297. 

11. Wei Guang Bi, Elham Emami, Zhong-Cheng Luo, Christina Santamaria, 
and Shu Qin Wei, “Effect of Periodontal Treatment in Pregnancy on 
Perinatal Outcomes: A Systematic Review and Meta-Analysis,” The 
Journal of Maternal-Fetal & Neonatal Medicine 34, no. 19 (October 
2021): 3259–3268, DOI: 10.1080/14767058.2019.1678142.

12. Jennifer Garvin, “Pregnant, Postpartum Medicaid Enrollees to Have 
Dental Coverage at Least 60 Days after Pregnancy,” ADANews, 
accessed September 23, 2023, https://adanews.ada.org/ada-news/2022/
september/pregnant-postpartum-medicaid-enrollees-to-have-dental-
coverage-at-least-60-days-after-pregnancy.

13. Irene V. Hilton, Samantha Stephen, Judith C. Barker, and Jane A. 
Weintraub, “Cultural Factors and Children’s Oral Health Care: A 
Qualitative Study of Carers of Young Children,” Community Dentistry 
and Oral Epidemiology 35, no. 6 (December 2007): 429–438, DOI: 
10.1111/j.1600-0528.2006.00356.x.

14. Birgitta Lindquist and Claes-Göran Emilson, “Colonization of 
Streptococcus Mutans and Streptococcus Sobrinus Genotypes 
and Caries Development in Children to Mothers Harboring Both 
Species,” Caries Research 38, no. 2 (March/April 2004): 95–103, DOI: 
10.1159/000075932.

15. Hitoshi Hirose, Kimiharu Hirose, Emiko Isogai, Hiroko Miura, and Issaku 
Ueda, “Close Association Between Streptococcus Sobrinus in the 
Saliva of Young Children and Smooth-Surface Caries Increment,” Caries 
Research 27, no. 4 (1993): 292–297, DOI: 10.1159/000261553.

16. Paul S. Casamassimo, Sarat Thikkurissy, Burton L. Edelstein, and Elyse 
Maiorini, “Beyond the dmft: The Human and Economic Cost of Early 
Childhood Caries,” The Journal of the American Dental Association 140, 
no. 6 (June 2009): 650–657, DOI: 10.14219/jada.archive.2009.0250.

17. Martha Clarke, David Locker, Glenn Berall, Paul Pencharz, David J. 
Kenny, and Peter Judd, “Malnourishment in a Population of Young 
Children with Severe Early Childhood Caries,” Pediatric Dentistry 28, no. 
3 (May/June 2006): 254–259.

18. Neerja Singh, Neha Dubey, Monika Rathore, and Pallavi Pandey, 
“Impact of Early Childhood Caries on Quality of Life: Child and Parent 
Perspectives,” Journal of Oral Biology and Craniofacial Research 10, no. 
2 (April/June 2020): 83–86, DOI: 10.1016/j.jobcr.2020.02.006.

19. Helen Lee, Peter Milgrom, Colleen E. Huebner, Philip Weinstein, Wylie 
Burke, Erika Blacksher, and John D. Lantos, “Ethics Rounds: Death after 
Pediatric Dental Anesthesia: An Avoidable Tragedy?” Pediatrics 140, no. 
6 (December 2017): e20172370, DOI: 10.1542/peds.2017-2370.

20. Charles J. Cote and Stephen Wilson, “Guidelines for Monitoring and 
Management of Pediatric Patients Before, During, and after Sedation 
for Diagnostic and Therapeutic Procedures: Update 2016,” Pediatric 
Dentistry 138, no. 1 (July 2016): e20161212, DOI: 10.1542/peds.2016-1212.

21. Baker, Suzanne D., Lee, Jessica Y., and Wright, Robin, The Importance 
of the Age One Dental Visit. Chicago, IL: Pediatric Oral Health Research 
and Policy Center, American Academy of Pediatric Dentistry, 2019.

22. “More than 2.5 Million Youth Reported E-Cigarette Use in 2022,” Centers 
for Disease Control and Prevention, accessed October 9, 2023, https://
www.cdc.gov/media/releases/2022/p1007-e-cigarette-use.html.

23. “Youth E-Cigarette Use is Down, But 3.6 Million Still Use E-Cigarettes,” 
Centers for Disease Control and Prevention, accessed October 9, 2023, 
https://www.cdc.gov/media/releases/2020/p0909-youth-e-cigarette-
use-down.html.

24. Fahim Vohra, Ishfaq A. Bukhari, Saeed A. Sheikh, Refal Albaijan, and 
Mustafa Naseem, “Comparison of Self-Rated Oral Symptoms and 
Periodontal Status among Cigarette Smokers and Individuals Using 
Electronic Nicotine Delivery Systems,” Journal of American College 
Health 68, no. 7 (October 2020): 788–793, DOI: 10.1080/07448481. 
2019.1709476.

https://www.carequest.org
https://www.ada.org/en/resources/research/science-and-research-institute/oral-health-topics/pregnancy
https://www.ada.org/en/resources/research/science-and-research-institute/oral-health-topics/pregnancy
https://adanews.ada.org/ada-news/2022/september/pregnant-postpartum-medicaid-enrollees-to-have-dental-coverage-at-least-60-days-after-pregnancy
https://adanews.ada.org/ada-news/2022/september/pregnant-postpartum-medicaid-enrollees-to-have-dental-coverage-at-least-60-days-after-pregnancy
https://adanews.ada.org/ada-news/2022/september/pregnant-postpartum-medicaid-enrollees-to-have-dental-coverage-at-least-60-days-after-pregnancy
https://www.cdc.gov/media/releases/2022/p1007-e-cigarette-use.html
https://www.cdc.gov/media/releases/2022/p1007-e-cigarette-use.html
https://www.cdc.gov/media/releases/2020/p0909-youth-e-cigarette-use-down.html
https://www.cdc.gov/media/releases/2020/p0909-youth-e-cigarette-use-down.html


Oral-Systemic Interactions and Medical-Dental Integration: A Life Course Approach      carequest.org 16

25. Ana Ralho, Ana Coelho, Manuela Ribeiro, Anabela Paula, Inês Amaro, 
José Sousa, Carlos Marto, Manuel Ferreira, and Eunice Carrilho, “Effects 
of Electronic Cigarettes on Oral Cavity: A Systematic Review,” The 
Journal of Evidence Based Dental Practice 19, no. 4 (December 2019): 
101318, DOI: 10.1016/j.jebdp.2019.04.002.

26. “Know the Risks of E-cigarettes for Young People,” US Surgeon 
General’s Report, accessed October 9, 2023, https://e-cigarettes.
surgeongeneral.gov/knowtherisks.html.

27. Eliot J. Young, C. Roger Macias, and Lindsay Stephens, “Common Dental 
Injury Management in Athletes,” Sports Health 7, no. 3 (May 2015): 
250–255, DOI: 10.1177/1941738113486077.

28. Hugh Silk and Amy Kwok, “Addressing Adolescent Oral Health:  
A Review,” Pediatrics in Review 38, no. 2 (February 2017): 61–68,  
DOI: 10.1542/pir.2016-0134.

29. Nienke L. Hennequin-Hoenderdos, Dagmar Else Slot, and G.A.  
(Fridus) Van der Weijden, “The Prevalence of Oral and Peri-Oral 
Piercings in Young Adults: A Systematic Review,” International  
Journal of Dental Hygiene 10, no. 3 (August 2012): 223–228,  
DOI: 10.1111/j.1601-5037.2012.00566.x.

30. Alexios Plessas and Eudoxie Pepelassi, “Dental and Periodontal 
Complications of Lip and Tongue Piercing: Prevalence and Influencing 
Factors,” Australian Dental Journal 57, no. 1 (March 2012): 71–78,  
DOI: 10.1111/j.1834-7819.2011.01647.x.

31. Thomas Beikler, A. Kuczek, Gregor Petersilka, and Thomas Frank 
Flemmig, “In-Dental-Office Screening for Diabetes Mellitus Using 
Gingival Crevicular Blood,” Journal of Clinical Periodontology 29, no. 3 
(March 2002): 216–218, DOI: 10.1034/j.1600-051x.2002.290306.x.

32. Megan Cloidt, Abigail Kelly, Madhuli Thakkar-Samtani, Eric P. Tranby, 
Julie Frantsve-Hawley, Parth D. Shah, Nadia Laniado, and Victor Badner, 
“Identifying the Utility of Dental Providers in Human Papillomavirus 
Prevention Efforts: Results from the National Health and Nutrition 
Examination Survey 2015–2018,” Journal of Adolescent Health 70, no. 4 
(April 2022): 571–576, DOI: 10.1016/j.jadohealth.2021.10.030.

33. Stephanie A. Grilo, Marina Catallozzi, John S. Santelli, Hanying Yan, 
Xiaoyu Song, Jennifer Heitel, Kristen Kaseeska, Julie Gorzkowski, 
Alexandra E. Dereix, and Jonathan D. Klein, “Confidentiality Discussions 
and Private Time with a Health-Care Provider for Youth, United States, 
2016,” Journal of Adolescent Health 64, no. 3 (March 2019): 311–318, 
DOI: 10.1016/j.jadohealth.2018.10.301.

34. “Tobacco 21,” US Food and Drug Administration, accessed 
October 9, 2023, https://www.fda.gov/tobacco-products/
retail-sales-tobacco-products/tobacco-21.

35. “Age 21 Minimum Legal Drinking Age,” Centers for Disease Control and 
Prevention, accessed October 9, 2023, https://www.cdc.gov/alcohol/
fact-sheets/minimum-legal-drinking-age.htm.

36. Fernanda Weber Mello, Gilberto Melo, Júlia Jacoby Pasetto, Carolina 
Amália Barcellos Silva, Saman Warnakulasuriya, and Elena Riet Correa 
Rivero, “The Synergistic Effect of Tobacco and Alcohol Consumption 
on Oral Squamous Cell Carcinoma: A Systematic Review and Meta-
Analysis,” Clinical Oral Investigations 23, no 7 (July 2019): 2849–2859, 
DOI: 0.1007/s00784-019-02958-1.

37. Ignacio Madero-Cabib and Claudia Bambs, “Association Between 
Lifetime Tobacco Use and Alcohol Consumption Trajectories and 
Cardiovascular and Chronic Respiratory Diseases among Older 
People,” International Journal of Environmental Research and Public 
Health 18, no. 21 (November 2021): 11275, DOI: 10.3390/ijerph182111275.

38. Zhaoping Wu, Qiang Yue, Zhen Zhao, Jun Wen, Lanying Tang, Zhenzhen 
Zhong, Jiahui Yang, Yingpu Yuan, and Xiaobo Zhang, “A Cross-Sectional 
Study of Smoking and Depression among US Adults: NHANES  
(2005–2018),” Frontiers in Public Health 11 (January 2023): 1081706, 
DOI: 10.3389/fpubh.2023.1081706.

39. “Eating Disorders,” National Institute of Mental Health, accessed 
October 9, 2023, https://www.nimh.nih.gov/health/topics/
eating-disorders.

40. Rachel Presskreischer, Michael A. Prado, S. Emre Kuraner, Isabelle-
Maria Arusilor, and Kathleen Pike, “Eating Disorders and Oral Health: A 
Scoping Review,” Journal of Eating Disorders 11, no. 1 (April 2023): 1–17, 
DOI: 10.1186/s40337-023-00778-z.

41. “Eating Disorders: About More Than Food,” National Institute of Mental 
Health, accessed October 9, 2023, https://www.nimh.nih.gov/health/
publications/eating-disorders.

42. P.R. Kavitha, Padmanabhan Vivek, and Amitha M. Hegde, “Eating 
Disorders and Their Implications on Oral Health — Role of 
Dentists,” The Journal of Clinical Pediatric Dentistry 36, no. 2 (Winter 
2011): 155–160, DOI: 10.17796/jcpd.36.2.3785414p682843wj.

43. Nigel Monaghan, “What is the Role of Dentists in Smoking Cessation?” 
British Dental Journal 193, no. 11 (December 2002): 611–612, DOI: 
10.1038/sj.bdj.4801642.

44. Paul I. Eke, Gina O. Thornton-Evans, Liang Wei, Wenche S. Borgnakke, 
Bruce A. Dye, and Robert J. Genco, “Periodontitis in US Adults: National 
Health and Nutrition Examination Survey 2009–2014,” The Journal of 
the American Dental Association 149, no. 7 (July 2018): 576–588, DOI: 
10.1016/j.adaj.2018.04.023.

45. Poul Erik Petersen and Hiroshi Ogawa, “Strengthening the Prevention of 
Periodontal Disease: The WHO Approach,” Journal of Periodontology 76, 
no. 12 (December 2005): 2187–2193, DOI: 10.1902/jop.2005.76.12.2187. 

46. Philip M. Preshaw, Auror L. Alba, David Herrera, Søren Jepsen, Antonis 
Konstantinidis, Konstantinos Makrilakis, and Roy Taylor, “Periodontitis 
and Diabetes: A Two-Way Relationship,” Diabetologia 55, no. 1 (2012): 
21–31, DOI: 10.1007/s00125-011-2342-y.

47. Steven Engebretson and Thomas Kocher, “Evidence That Periodontal 
Treatment Improves Diabetes Outcomes: A Systematic Review and 
Meta-Analysis,” Journal of Clinical Periodontology 40, suppl. 14 (April 
2013): S153–S163, DOI: 10.1111/jcpe.12084.

48. Panagiotis A. Koromantzos, Konstantinos Makrilakis, Xanthippi Dereka, 
Nicholas Katsilambros, Ioannis A. Vrotsos, and Phoebus N. Madianos, “A 
Randomized, Controlled Trial on the Effect of Non-Surgical Periodontal 
Therapy in Patients with Type 2 Diabetes. Part I: Effect on Periodontal 
Status and Glycaemic Control,” Journal of Clinical Periodontology 38, no. 
2 (February 2011): 142–147, DOI: 10.1111/j.1600-051X.2010.01652.x.

49. Madhuli Thakkar-Samtani, Lisa J. Heaton, Abigail L. Kelly, Shelly 
Dionne Taylor, Linda Vidone, and Eric P. Tranby, “Periodontal Treatment 
Associated with Decreased Diabetes Mellitus–Related Treatment  
Costs: An Analysis of Dental and Medical Claims Data,” The Journal of 
the American Dental Association 154, no. 4 (April 2023): 283–292,  
DOI: 10.1016/j.adaj.2022.12.011.

50. Kamyar Nasseh, Marko Vujicic, and Michael Glick, “The Relationship 
Between Periodontal Interventions and Healthcare Costs and Utilization. 
Evidence from an Integrated Dental, Medical, and Pharmacy Commercial 
Claims Database,” Health Economics 26, no. 4 (April 2017): 519–527,  
DOI: 10.1002/hec.331.

https://www.carequest.org
https://e-cigarettes.surgeongeneral.gov/knowtherisks.html
https://e-cigarettes.surgeongeneral.gov/knowtherisks.html
https://www.fda.gov/tobacco-products/retail-sales-tobacco-products/tobacco-21
https://www.fda.gov/tobacco-products/retail-sales-tobacco-products/tobacco-21
https://www.cdc.gov/alcohol/fact-sheets/minimum-legal-drinking-age.htm
https://www.cdc.gov/alcohol/fact-sheets/minimum-legal-drinking-age.htm
https://www.nimh.nih.gov/health/topics/eating-disorders
https://www.nimh.nih.gov/health/topics/eating-disorders
https://www.nimh.nih.gov/health/publications/eating-disorders
https://www.nimh.nih.gov/health/publications/eating-disorders


Oral-Systemic Interactions and Medical-Dental Integration: A Life Course Approach      carequest.org 17

51. Soo Hwan Byun, Sunki Lee, Sung Hun Kang, Hyo Geun Choi, and 
Seok Jin Hong, “Cross-Sectional Analysis of the Association between 
Periodontitis and Cardiovascular Disease Using the Korean Genome 
and Epidemiology Study Data,” International Journal of Environmental 
Research and Public Health 17, no. 14 (July 2020): 5237, DOI: 10.3390/
ijerph17145237.

52. Lubaina T. Arsiwala, Yejin Mok, Chao Yang, Junichi Ishigami, Elizabeth 
Selvin, James D. Beck, Matthew A. Allison, Gerardo Heiss, Ryan T. 
Demmer, and Kunihiro Matsushita, “Periodontal Disease Measures and 
Risk of Incident Peripheral Artery Disease: The Atherosclerosis Risk in 
Communities (ARIC) Study,” Journal of Periodontology 93, no. 7 (July 
2022): 943–953, DOI: 10.1002/JPER.21-0342.

53. Kimmo J. Mattila, Pirkko J. Pussinen, and Susanna Paju, “Dental 
Infections and Cardiovascular Diseases: A Review,” Journal of 
Periodontology 76, suppl. 11 (November 2005): 2085–2088,  
DOI: 10.1902/jop.2005.76.11-S.2085.

54. Syed A. Bokhari, Ayyaz A. Khan, Arshad K. Butt, Mohammad Azhar, 
Mohammad Hanif, Mateen Izhar, and Dimitris N. Tatakis, “Non-Surgical 
Periodontal Therapy Reduces Coronary Heart Disease Risk Markers: A 
Randomized Controlled Trial,” Journal of Clinical Periodontology 39, no. 
11 (November 2012): 1065–1074, DOI: 0.1111/j.1600-051X.2012.01942.x.

55. A. Moura Foz, G. Alexandre Romito, C. Manoel Bispo, C. Luciancencov 
Petrillo, K. Patel, J. Suvan, and F. D’Aiuto, “Periodontal Therapy and 
Biomarkers Related to Cardiovascular Risk,” Minerva Stomatologica 59, 
no. 5 (May 2010): 271–283.

56. Miyuki Nagatani, Tomoki Tanaka, Bo-Kyung Son, Jun Kawamura, Junko 
Tagomori, Hirohiko Hirano, Maki Shirobe, and Katsuya Iijima, “Oral Frailty 
as a Risk Factor for Mild Cognitive Impairment in Community-Dwelling 
Older Adults: Kashiwa Study,” Experimental Gerontology 172 (February 
2023): 112075, DOI: 10.1016/j.exger.2022.112075.

57. Chia-Yen Lee, Chuen-Chau Chang, Chao-Shun Lin, Chun-Chieh Yeh, 
Chaur-Jong Hu, Ching-Zong Wu, Ta-Liang Chen, and Chien-Chang Liao, 
“Risk of Dementia in Patients with Periodontitis and Related Protective 
Factors: A Nationwide Retrospective Cohort Study,” Journal of Clinical 
Periodontology 47, no. 12 (December 2020): 1428–1436, DOI: 10.1111/
jcpe.13372.

58. Yao-Tung Lee, Hsin-Chien Lee, Chaur-Jongh Hu, Li-Kai Huang, 
Shu-Ping Chao, Chia-Pei Lin, Emily Chia-Yu Su, Yi-Chen Lee, and 
Chu-Chieh Chen, “Periodontitis as a Modifiable Risk Factor for 
Dementia: A Nationwide Population-Based Cohort Study,” Journal  
of the American Geriatrics Society 65, no. 2 (February 2017): 301–305,  
DOI: 10.1111/jgs.14449.

59. Mizuki Saito, Yoshihiro Shimazaki, Toshiya Nonoyama, and Kazushi 
Ohsugi, “Utilization of Dental Care and the Incidence of Dementia: 
A Longitudinal Study of an Older Japanese Cohort,” Dementia 
and Geriatric Cognitive Disorders 51, no. 4 (2022): 357–364, DOI: 
10.1159/000526683.

60. Victoria C. Ewan, Andrew D. Sails, Angus W.G. Walls, Steven Rushton, and 
Julia L. Newton, “Dental and Microbiological Risk Factors for Hospital-
Acquired Pneumonia in Non-Ventilated Older Patients,” PLoS One 10, no. 
4 (April 2015): e0123622. 

61. Karen K. Giuliano, Daleen Penoyer, Aurea Middleton, and Dian 
Baker, “Oral Care as Prevention for Nonventilator Hospital-Acquired 
Pneumonia: A Four-Unit Cluster Randomized Study,” The American 
Journal of Nursing 121, no. 6 (June 2021): 24–33, DOI: 10.1097/01.
NAJ.0000753468.99321.93.

62. Madhuli Thakkar-Samtani, Maya Linson, Eric P. Tranby, and Julie 
Frantsve-Hawley, The Link Between Ventilator-Associated Pneumonia 
and the Mouth: The Intersection of VAP, COVID-19, Oral Health, and 
Equity, Boston, MA: CareQuest Institute for Oral Health, 2020. 

63. John Lynch and George Davey Smith, “A Life Course Approach to 
Chronic Disease Epidemiology,” Annual Review of Public Health 26 
(2005): 1–35, DOI: 10.1146/annurev.publhealth.26.021304.144505.

64. Paula Braveman, “What Is Health Equity: And How Does a 
Life-Course Approach Take Us Further Toward It?” Maternal and 
Child Health Journal 18, no. 2 (February 2014): 366–372, DOI: 10.1007/
s10995-013-1226-9.

65. World Health Organization, Life Course Perspectives on Coronary Heart 
Disease, Stroke and Diabetes: Key Issues and Implications for Policy 
and Research: Summary Report of a Meeting of Experts, 2–4 May 2001, 
World Health Organization, 2001. 

66. Anja Heilmann, Georgios Tsakos, Richard G. Watt, Claudine Burton-
Jeangros, Stéphane Culatti, Amanda Sacker, and David Blane, “Oral 
Health over the Life Course,” in A Life Course Perspective on Health 
Trajectories and Transitions (Springer, 2015): 39–59.

67. “Prediabetes — Your Chance to Prevent Type 2 Diabetes,” Centers for 
Disease Control and Prevention, accessed October 9, 2023, https://www.
cdc.gov/diabetes/basics/prediabetes.html.

68. “All About Your A1C,” Centers for Disease Control and Prevention, 
accessed October 9, 2023, https://www.cdc.gov/diabetes/managing/
managing-blood-sugar/a1c.html.

69. “Diabetes Statistics,” National Institute of Diabetes and Digestive and 
Kidney Diseases, accessed October 9, 2023, https://www.niddk.nih.gov/
health-information/health-statistics/diabetes-statistics.

70. Alagesan Chinnasamy and Marjory Moodie, “Prevalence of Undiagnosed 
Diabetes and Prediabetes in the Dental Setting: A Systematic Review 
and Meta-Analysis,” International Journal of Dentistry 2020 (2020): 
1–10, DOI: 10.1155/2020/2964020.

71. Richard Manski, Frederick Rohde, and Timothy Ricks, Trends in the 
Number and Percentage of the Population with Any Dental or Medical 
Visits, 2003–2018. Statistical Brief (Medical Expenditure Panel Survey 
(US), 2001. 

72. Kristen Malecki, Lauren E. Wisk, Matthew Walsh, Christine McWilliams, 
Shoshannah Eggers, and Melissa Olson, “Oral Health Equity and 
Unmet Dental Care Needs in a Population-Based Sample: Findings 
from the Survey of the Health of Wisconsin,” American Journal of 
Public Health 105, suppl. 3 (July 2015): S466–S474, DOI: 10.2105/
AJPH.2014.302338.

73. Bekele Seifu, Niguse Yigzaw, Kibrom Haile, Zahira Reshid, and Henock 
Asfaw, “Prevalence of Depression, Anxiety and Associated Factors 
among Patients with Dental Disease Attending Outpatient Department 
in Addis Ababa Public Hospitals, Addis Ababa, Ethiopia: A Multicenter 
Cross-Sectional Study,” BMC Oral Health 21 (2021): 1–12, DOI: https://doi.
org/10.1186/s12903-021-02012-1.

74. Karl Peltzer and Supa Pengpid, “Oral Health Behaviour and Social and 
Health Factors in University Students from 26 Low, Middle and High 
Income Countries,” International Journal of Environmental Research and 
Public Health 11, no. 12 (November 2014): 12247–12260, DOI: 10.3390/
ijerph111212247.

75. Mariana Gonzalez Cademartori, Márcia Torres Gastal, Gustavo 
Giacommelli Nascimento, Flavio Fernando Demarco, and Marcos Britto 
Corrêa, “Is Depression Associated with Oral Health Outcomes in Adults 
and Elders? A Systematic Review and Meta-Analysis,” Clinical Oral 
Investigations 22, no. 8 (November 2018): 2685–2702, DOI: 10.1007/
s00784-018-2611-y.

76. Bayan Almohaimeed, Shanta R. Dube, and Ruiyan Luo, “Investigating 
Oral Health among Individuals with Depression: NHANES 
2015–2016,” The Saudi Dental Journal 34, no. 3 (March 2022): 249–258, 
DOI: 10.1016/j.sdentj.2022.01.001.

https://www.carequest.org
https://www.cdc.gov/diabetes/basics/prediabetes.html
https://www.cdc.gov/diabetes/basics/prediabetes.html
https://www.cdc.gov/diabetes/managing/managing-blood-sugar/a1c.html
https://www.cdc.gov/diabetes/managing/managing-blood-sugar/a1c.html
https://www.niddk.nih.gov/health-information/health-statistics/diabetes-statistics
https://www.niddk.nih.gov/health-information/health-statistics/diabetes-statistics


Oral-Systemic Interactions and Medical-Dental Integration: A Life Course Approach      carequest.org 18

77. Kurt Kroenke, Robert L. Spitzer, and Janet B. Williams, “The PHQ-9: 
Validity of a Brief Depression Severity Measure,” Journal of General 
Internal Medicine 16, no. 9 (September 2001): 606–613, DOI: 10.1046/ 
j.1525-1497.2001.016009606.x.

78. Sung Eun Choi, Corneliu Sima, and Ankur Pandya, “Impact of Treating 
Oral Disease on Preventing Vascular Diseases: A Model-Based Cost-
Effectiveness Analysis of Periodontal Treatment among Patients with 
Type 2 Diabetes,” Diabetes Care 43, no. 3 (March 2020): 563–571,  
DOI: 10.2337/dc19-1201.

79. Veerasathpurush Allareddy, Satheesh Elangovan, Sankeerth Rampa, 
Kyungsup Shin, Romesh P. Nalliah, and Veerajalandhar Allareddy, 
“Presence of Gingivitis and Periodontitis Significantly Increases Hospital 
Charges in Patients Undergoing Heart Valve Surgery,” Journal of the 
Massachusetts Dental Society 63, no. 4 (Winter 2015): 10–16.

80. Katja Blaschke, Martin Hellmich, Christina Samel, Stefan Listl, and Ingrid 
Schubert, “Association Between Periodontal Treatment and Healthcare 
Costs in Patients with Coronary Heart Disease: A Cohort Study Based 
on German Claims Data,” Dentistry Journal 10, no. 7 (July 2022): 133, 
DOI: 10.3390/dj10070133.

81. Christine Kanan, Kelli Ohrenberger, Mary Bayham, Sarah E. Raskin, 
Eric P. Tranby, and Sean Boynes, “MORE Care: An Evaluation of an 
Interprofessional Oral Health Quality Improvement Initiative,” Journal of 
Public Health Dentistry 80, suppl. 2 (September 2020): S58–S70, DOI: 
10.1111/jphd.12407.

82. Gary D. Slade, R. Gary Rozier, Leslie P. Zeldin, and Peter A. Margolis, 
“Training Pediatric Health Care Providers in Prevention of Dental Decay: 
Results from a Randomized Controlled Trial,” BMC Health Services 
Research 7, no. 1 (2007): 1–10, DOI: 10.1186/1472-6963-7-176.

83. American Academy of Pediatric Dentistry and Clinical Affairs  
Committee — Infant Oral Health Subcommittee, “Guideline on Infant 
Oral Health Care,” Pediatric Dentistry 34, no. 5 (September/October 
2012): e148–e152.

84. American Academy of Pediatrics, Bright Futures Guidelines for Health 
Supervision of Infants, Children, and Adolescents, American Academy of 
Pediatrics, 2017. 

85. American Academy of Pediatrics, “Preventive Oral Health 
Intervention for Pediatricians: Section on Pediatric Dentistry and Oral 
Health,” Pediatrics 122, no. 6 (December 2008): 1387–1394,  
DOI: 10.1542/peds.2008-2577.

86. Tamanna Tiwari, Nayanjot Rai, Avery Brow, Eric P. Tranby, and Sean 
G. Boynes, “Association Between Medical Well-Child Visits and Dental 
Preventive Visits: A Big Data Report,” JDR Clinical & Translational 
Research 4, no. 3 (July 2019): 239–245, DOI: 10.1177/2380084419841850.

87. Tamanna Tiwari, Jennie Marinucci, Eric P. Tranby, and Julie Frantsve-
Hawley, “The Effect of Well Child Visit Location on Preventative Dental 
Visit,” Children 8, no. 3 (March 2021): 191, DOI: 10.3390/children8030191.

88. N. Sue Seale and Paul S. Casamassimo, “Access to Dental Care for 
Children in the United States: A Survey of General Practitioners,” The 
Journal of the American Dental Association 134, no. 12 (December 
2003): 1630–1640, DOI: 10.14219/jada.archive.2003.0110.

89. Hermina Harnagea, Yves Couturier, Richa Shrivastava, Felix Girard, 
Lise Lamothe, Christophe Pierre Bedos, and Elham Emami, “Barriers 
and Facilitators in the Integration of Oral Health into Primary Care: A 
Scoping Review,” BMJ Open 7, no. 9 (September 2017): e016078, DOI: 
10.1136/bmjopen-2017-016078.

90. Tamanna Tiwari, Maxim A. Kondratenko, Nihmath Nasiha, Jennifer 
Stobbs-Vergara, Deidre Callanan, Lonnie R. Johnson, and Denise 
Kassebaum, Medical-Dental Integration Models: A Critical Review of the 
Last Decade, Delta Dental Institute, 2022. 

91. Candace Owen, Irene Hilton, and Phillip Thompson, Integration of Oral 
Health and Primary Care Practice: Integrated Models Survey Results: 
Embedded Dental Providers, National Network for Oral Health Access, 
October 2019.

92. David M. Mosen, Matthew P. Banegas, John F. Dickerson, Jeffrey L. 
Fellows, Neon B. Brooks, Daniel J. Pihlstrom, Hala M. Kershah, Jason 
L. Scott, and Erin M. Keast, “Examining the Association of Medical-
Dental Integration with Closure of Medical Care Gaps among the Elderly 
Population,” The Journal of the American Dental Association 152, no. 4 
(April 2021): 302–308, DOI: 10.1016/j.adaj.2020.12.010.

93. Clemens Scott Kruse, Katy Bolton, and Greg Freriks, “The Effect of 
Patient Portals on Quality Outcomes and Its Implications to Meaningful 
Use: A Systematic Review,” Journal of Medical Internet Research 17, no. 
2 (February 2015): e44, DOI: 10.2196/jmir.3171.

94. Institute of Medicine, Committee on the Future of Dental Education, 
Dental Education at the Crossroads: Challenges and Change, National 
Academies Press, 1995. 

95. Katherine M. Howard, Tanis Stewart, Wendy Woodall, Karl Kingsley, and 
Marcia Ditmyer, “An Integrated Curriculum: Evolution, Evaluation, and 
Future Direction,” Journal of Dental Education 73, no. 8 (August 2009): 
962–971.

96. Margherita Fontana, Carlos González-Cabezas, Tracy de Peralta, and 
David C. Johnsen, “Dental Education Required for the Changing Health 
Care Environment,” Journal of Dental Education 81, no. 8 (August 2017): 
eS153–eS161, DOI: 10.21815/JDE.017.022.

97. Judith Haber, Erin Hartnett, Kenneth Allen, Donna Hallas, Caroline 
Dorsen, Julia Lange-Kessler, Madeleine Lloyd, Edwidge Thomas, and 
Dorothy Wholihan, “Putting the Mouth Back in the Head: HEENT to 
HEENOT,” American Journal of Public Health 105, no. 3 (March 2015): 
437–441, DOI: 10.2105/AJPH.2014.302495.

98. Krista R. Estes, Deidre Callanan, Nayanjot Rai, Katie Plunkett, Diane 
Brunson, and Tamanna Tiwari, “Evaluation of an Interprofessional 
Oral Health Assessment Activity in Advanced Practice Nursing 
Education,” Journal of Dental Education 82, no. 10 (October 2018): 
1084–1090, DOI: 10.21815/JDE.018.103.

99. Maria C. Dolce, Judith Haber, and Donna Shelley, “Oral Health Nursing 
Education and Practice Program,” Nursing Research and Practice, 2012 
(2012), DOI: doi.org/10.1155/2012/149673. 

100. Alessandro Villa, Milda Chmieliauskaite, and Lauren L. Patton, “Including 
Vaccinations in the Scope of Dental Practice: The Time has Come,” The 
Journal of the American Dental Association 152, no. 3 (March 2021): 
184–186, DOI: 10.1016/j.adaj.2020.09.025.

101. Patricia A. Braun, Samantha E. Budzyn, Catia Chavez, and Juliana 
G. Barnard, “Integrating Dental Hygienists into Medical Care Teams: 
Practitioner and Patient Perspectives,” Journal of Dental Hygiene 95, no. 
3 (June 2021): 6–17.

102. Matthew Vaughan, Greg Mahoney, Amar Sholapurkar, and Robin A. 
Ray, “Patients’ Views on Dentists’ Ability to Manage Medical Crises — 
Results of Focus Group Research,” Australian Dental Journal 64, no. 4 
(December 2019): 338–345, DOI: 10.1111/adj.12717.

https://www.carequest.org


CareQuest Institute for Oral Health

CareQuest Institute for Oral Health® is a national nonprofit 
championing a more equitable future where every person can 
reach their full potential through excellent health. We do this 
through our work in philanthropy, analytics and data insights, 
health transformation, policy and advocacy, and education 
as well as our leadership in dental benefits and innovation 
advancements. We collaborate with thought leaders, health care 
providers, patients, and local, state, and federal stakeholders, to 
accelerate oral health care transformation and create a system 
designed for everyone. To learn more, visit carequest.org.

This report and others are available at carequest.org.

https://www.carequest.org
https://www.carequest.org

